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MORTON THIOKOL. INC 

Morton Thiokol solid rocket motor set 360L001 thunders off the pad during ascent of the 
space shuttle Discovery, launched 29 Sep 1988.  During this historic manned return to 
space flight, both solid rocket motors performed in a near-flawless manner throughout the 
approximate 2-min burn time. 
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ABSTRACT 

The NASA space shuttle flight STS-26R, launched at 11:37.00.009 a.m. EDT on 
29 Sep 1988, used the redesigned solid rocket motors (RSRM) 360L001A and 
360LOOlB. 

Evaluation of the ground environment instrumentation (GEI) data recorded 
prior to flight showed 1) no launch commit criteria violations, 2) that the 
field joint heater and aft skirt thqrmal conditioning systems performed 
adequately, and 3) that the GEI datg showed good agreement with thermal model 
predictions. 

Evaluation of the developmental flight instrumentation (DFI) revealed 
excellent agreement with both the predicted and required ballistic 
specifications. 
requirements including propellant burn rates, specific impulse values, and 
thrust imbalance. 
growth and stress levels, as well as verification of adequate safety factors. 

All parameters were well within the CEI specification 

Recorded strain values also indicated satisfactory radial 

Postflight inspection o f  the insulation, seals, case, and nozzles showed 
overall excel lent performance. Some thermal DFI protective cork was missing, 
and inoperative.field;joint vent valves on the thermal protection cork 
allowed water entry into the field joints upon splashdown. 
these anomalies, as well as complete evaluation of all RSRM components, is 
contained in this report. 

Evaluation of 
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The redesigned solid rocket motor (RSRM) flight set used for the 26th space 
shuttle mission (STS-26R) was designated as motors 360L001A (left) and 
360L001B (right). Actual launch time was 11:37.00.009 a.m. EDT on 29 Sep 
1988, from pad 39B at Kennedy Space Center (KSC), Florida. This volume 
(Volume I) of this report contains the Morton Thiokol Flight Evaluation 
Working Group (FEWG) input submitted to United Space Boosters Inc. (USBI) for 
incorporation into the shuttle prime contractors’ FEWG report (Document 
MSFC-RPT-1573). 
performance is also included. 
component information are as follows: 

An executive summary overview of the entire RSRM flight set 
The volumes of this report containing detailed 

Volume ComDonent 

I 
I 1  

I 1 1  
IV 
V 

V I  
V I  I 

V I 1 1  
IX 
X 

XI 

System Overview 
Case 
Insulation 
Seal s 
Nozzle 
Igniter 
Joint Heater 
Systems Tunnel 
Ins trumentat i on 
Performance and Mass Properties 
Dynamics (Reconstructed Loads Eva1 uation) 

As explained previously, this volume (Volume I) primarily contains the 
input provided to USBI for incorporation into the FEWG contractors’ report. 
Subsections submitted to USBI as part of the FEWG report are so designated 
with the FEWG report paragraph number. 

REVISION - 

89435-2.4 



MORTON THIOKOL. INC 
Space Operations 

SEC 

2 

OBJECTIVES 

This  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2.1.1. 

The ob jec t i ves  o f  t h i s  f l i g h t ,  as app l i cab le  t o  the  s o l i d  rocke t  motors 
(SRMs), were der ived  from t e s t  summary sheet TGX-12.0 o f  t h e  Development and 
V e r i f i c a t i o n  (D&V) p lan  (TWR-17523) and were inc luded i n  t h e  engineer ing 
requirements document f o r  f l i g h t  se t  360L001 (TWR-17535). The app l i cab le  
con t rac t  end i t em ( C E I )  s p e c i f i c a t i o n  paragraphs are  1 i s t e d  i n  parentheses. 
A l l  ob jec t i ves  and C E I  paragraphs are a l so  l i s t e d  and c o r r e l a t e d  w i t h  f l i g h t  
r e s u l t s  on a one-to-one bas is  i n  Sect ion 3.2 o f  t h i s  r e p o r t .  

Oual i f i c a t  i on Objec t ives  

2 
PAGE 

A. 

B. 

C.  

D. 

E .  

F. 

G. 

H .  

I. 

C e r t i f y  t h a t  t he  i g n i t i o n  i n t e r v a l  meets s p e c i f i c a t i o n  requirements. 
(3.2.1.1.1.1, Morton Thiokol  proposed) 

C e r t i f y  t h a t  t he  pressure r i s e  r a t e  meets s p e c i f i c a t i o n  requirements. 
(3.2.1.1.1.2, Morton Thiokol  proposed) 

C e r t i f y  t h a t  t he  t h r u s t  t ime performance f a l l s  w i t h i n  t h e  nominal t h r u s t  
t ime curve (3.2.1.1.2.1) 

C e r t i f y  t h a t  t he  measured motor performance parameters, when cor rec ted  
t o  a 60'F propel  1 ant  mean bu l  k temperature (PMBT) , meet speci  f i c a t i  on 
requ i remen t s . (3.2.1.1.2.2) 

C e r t i f y  t h a t  t he  t h r u s t  t ime curve complies w i t h  impulse requi rements.  
(3.2.1.1.2.4) 

C e r t i f y  t h a t  ICD 2-OA002 s p e c i f i e d  temperature c o n s t r a i n t s  a re  
maintained i n  the  nozzle-to-case j o i n t  reg ion.  (3.2.1.2.1.f) 

V e r i f y  t he  s t r u c t u r a l  i n t e g r i t y  o f  t h e  case. (3.2.1.3.b) 

C e r t i f y  proper  mon i to r ing  o f  t he  motor and i g n i t e r  chamber pressure 
du r ing  f l  i g h t .  (3.2.1.6.2.1) 

C e r t i f y  t h a t  t he  f i e l d  j o i n t  ex te rna l  heater  and sensor assembly 
main ta in  the  case f i e l d  j o i n t  a t  75'F minimum and 120'F maximum. 
(3.2.1.11 .a) 
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J. 

K .  

L .  

M. 

N. 

0. 

P. 

Q. 

Certify that each field joint heater assembly meets all performance 
requirements when the power supply furnished meets characteristics as 
defined in ICD 3-44005. (3.2.1.11.1.2) 

Demonstrate the flex bearing system reusability. (3.2.1.9.c) 

Demonstrate the thermal protection of the systems tunnel floor plates. 
(3.2.1.10.1) 

Demonstrate the isolation of subsystem anomalies if required on first 
flight hardware. (3.2.3.3) 

Demonstrate the assembly/disassembly in both the vertical and horizontal 
posit ions. (3.2.5.1) 

Demonstrate the assembly and verification of the SRB prior to external 
tank (ET) mating. (3.2.5.4) 

Demonstrate that the RSRM and its components are capable of being 
transported to and from fabrication, test, operational launch, 
recovery/retrieval, and refurbishment sites. (3.2.8) 

Demonstrate the remove and replace capability to the functional line 
rep1 aceabl e unit . (3.4.1) 

Oual ification Test Objectives bv Inweetion 

Perform the required pre- and postflight phase inspections: 

R .  

s. 

T. 

U. 

V .  

W .  

X .  

Inspection of all RSRM seals to verify seal performance. (3.2.1.2) 

Inspect seals for satisfactory operation within the temperature range 
resulting from natural and induced environments. (3.2.1.2.1.b, 
3.2.1.2.3.b, 3.2.1.2.4.b, 3.2.1.2.5.b) 

Inspect the factory joint insulation for accommodation to structural 
deflection and erosion. (3.2.1.2.2.a) 

Inspect the factory joint insulation for operation within a temperature 
range. (3.2.1.2.2.b) 

Inspection to verify at least one virgin ply of insulation over the 
factory joint. (3.2.1.2.2.d) 

Inspection to verify that there was no leakage through the insulation. 
(3.2.1.2.2.e) 

Inspection of flex bearing to determine sealing performance in the 
fl ight environment. (3.2.1.2.3. b) 
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Y .  

Z. 

AA . 
AB. 

AC . 
AD. 

AE. 

AF. 

AG . 

AH. 

AI. 

AJ. 

AK . 

A L .  

AM. 

AN. 

A0 . 

AP. 

AQ . 

Inspection to verify that no gas leaks occurred between the flex bearing 
internal components. (3.2.1.2.3.d) 

Inspect risers for damage or cracks that would degrade the pressure- 
holding capability of the case. (3.2.1.3.c) 

Inspect case for proper tang alignment slots. (3.2.1.3.f) 

Inspect case segment mating joints for pin retention device. (3.2.1.3.9) 

Inspection for flex bearing damage due to water impact. (3.2.1.4.6.a) 

Inspection to verify nozzle liner performance. (3.2.1.4.13) 

Inspect ignition system seals for evidence of hot gas leakage. 
(3.2.1.5.a) 

Inspect igniter for evidence of debris formation or damage. (3.2.1.5.2) 

Inspect seal for protection of degradation from motor combustion gas. 
(3.2.1.8.1.l.d) 

Inspect insulation for required performance. (3.2.1.8.1.1.e) 

Inspect for shedding insulation material. (3.2.1.8.1.1.f) 

Inspect joint insulation for evidence of slag damage. (3.2.1.8.1.1.9) 

Inspect for thermal protection system (TPS) allowance of any 
environmental damage to the RSRM. (3.2.1.8.2) 

Inspect for thermal damage to igniter chamber or adapter metal parts. 
(3.2.1.8.3) 

Postflight inspection of case, igniter, safe and arm (S&A), operational 
pressure transducer (OPT), and igniter chamber pressure transducers for 
reusability. (3.2.1.9.a, 3.2.1.9.d, 3.2.1.9.e, 3.2.1.9.f) 

Postflight inspection of the case factory joint external seal for 
moi sture . (3.2.1.12) 
Inspect hardware for damage or anomalies identified by failure mode 
effects analyses (FMEAs). (3.2.3) 

Perform inspections to determine the adequacy of design safety factors, 
re1 ief provisions, fracture control, and safe-1 ife and/or fail -safe 
characteristics. (3.2.3.1) 

Inspect to determine the adequacy of subsystem redundancy and fail -safe 
requirements. (3.2.3.2) 
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AR. Inspection of identification numbers for traceability. (3.3.1.5) 

AS. Inspect structural safety factor for case/insul ation bonds. 
(3.3.6.1.1.2. a) 

VOL 

AT. Inspect case insulation to verify remaining insulation thickness. 
(3.3.6.1.2.2, 3.3.6.1.2.3, 3.3.6.1.2.4, 3.3.6.1.2.6) 

AU. Inspect to verify remaining nozzle ablative thicknesses. (3.3.6.1.2.7) 

SEC 

AV.  Inspect to verify nozzle safety factors. (3.3.6.1.2.8) 
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AW. Inspect the design of functional and physical interfaces between solid 
rocket booster (SRBs) and retrieval station. (3.6.2.e) 

AX.  Demonstrate that recovery procedures meet interface control drawing 
(ICD) specifications. (3.6.2.e) 

A Y .  Postflight inspection for the presence of stress corrosion. (3.3.8.2.b) 
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RESULTS SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
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3.1 RESULTS SUMMARY 

Th is  sec t i on  conta ins  an execut ive summary o f  t he  key r e s u l t s  from t h e  f l i g h t  
da ta  eva lua t i on  and p o s t f l i g h t  inspect ion.  Add i t i ona l  i n fo rma t ion  and 
d e t a i l s  can be found i n  the  referenced r e p o r t  sec t ions  o r  i n  t h e  separate 
component volumes o f  t h i s  repo r t .  

3.1.1 I n - F l i q h t  Anomalies 

There were t h r e e  designated I n - F l i g h t  Anomalies (IFAs) r e l a t i n g  t o  the  SRMs, 
which are  l i s t e d  as fo l l ows .  

Marshal 1 Space F1 i g h t  Problem T i t l e /  
Center I F A  No. Descr iDt ion 

STS-26-M-1 

STS-26-M-2 

STS-26-M-3 

D F I  TPS cork  deb r i s  - 
breakup and l o s s  o f  some 
TPS cork  D F I  cover ing.  

Leaking f i e l d  j o i n t  TPS 
vent valves - al lowed 
sea water t o  en te r  j o i n t  
upon sp l  ashdown. 

" F r e t t i n g "  i n  f i e l d  
j o i n t s  - small gouges, 
p i t s ,  o r  scratches on 
capture fea tu re  hardware 
(on non - seal i ng 
sur face) .  

Cor rec t  i ve Act ion/  
C1 osure 

Tap t e s t i n g  and r e -  
p a i r  o f  co rk  on sub- 
sequent motors en- 
sures adequate f u t u r e  
TPS co rk  bond. 

V e r i f i c a t i o n  o f  vent 
va lve  c losu re  p r i o r  
t o  r o l l  ou t  p rec l  udes 
t h r e a t  o f  ascent w i t h  
water i n  JPS weather- 
seal  s. 

Speci f i c cause under 
i n v e s t i g a t i o n  - no 
f l i g h t  s a f e t y  e f f e c t  
due t o  minute s i z e  o f  
scratches. 

A1 1 IFAs are  considered c losed and none were considered f l  i g h t  
cons t ra in t s .  The complete d i s p o s i t i o n  o f  a l l  IFAs, as w e l l  as add i t i ona l  
in fo rmat ion ,  i s  found i n  Sect ion 4.1. 
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Evaluation of the mass properties for flight motors 360L001A and 360L001B 
showed the sequential weight and center of gravity (cg) data in excellent 
agreement with predicted values, as all values (predicted versus measured) 
were within 1 percent. All SRM weight values were within all required CEI 
specification limits. 
Section 4.3 and Volume X of this report. 

Complete mass property values are listed in 

VOL 

3.1.3 ProDulsion Performance (Ballistics) 

SEC 

ProDel1 ant Burn Rates/SDeci f ic ImDul se 

Overall propul sion performance was excel 1 ent . The del i vered burn rates for 
both motors (360L001A and 360LOOlB) was 0.366 in./sec at 625 psia and 6OoF, 
exactly as predicted for motor 360L001A (left) and 0.001 in./sec lower for 
motor 360L0016 (right). Reconstructed specific impulse values were 267.53 
and 268.81 lbf-sec/lbm for the left and right motors, respectively, and were 
very close to the predicted value of 268.82 lbf-sec/lbm. The left motor had 
a lower specific impulse (than predicted) due to a pressure transducer error, 
or to a slightly different erosion pattern in the nozzle. 

7 
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CEI SDecification Values 

All data were within the expected ranges and met all CEI specification 
requirements. Thrust imbalance was very minimal compared to the a1 lowable 
values. 
of this report. 

3.1.4 Ascent Loads 

Complete ballistic evaluation is found in Section 4.4 and Volume X 

Girth Gaqes 

The girth gage measurements from field and nozzle-to-case joints compare 
closely to pretest predictions. The predictions used a typical load case 
rather than actual loads, so they were only expected to be within an order of 
magnitude. 
was -17.1 percent on the forward field joint, 17.1 percent on the 
nozzle-to-case joint, and -5.6 percent on case membrane. 

The highest percentage difference (between predicted and actual) 
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The b i a x i a l  gage 1 ine/ load measurements a l s o  compared c l o s e l y  w i t h  p red ic ted  
values. 
k s i ,  r e s p e c t i v e l y .  (The y i e l d  s t rength  o f  D6AC s t e e l  i s  180 k s i ,  so no l o c a l  
y i e l d i n g  was measured). 
o f  2.72 and 1.53 i n  t h e  a x i a l  and hoop d i r e c t i o n s ,  r e s p e c t i v e l y .  

The maximum measured a x i a l  and hoop stresses were 78.8 and 140.2 

These stresses a lso  i n d i c a t e  minimum s a f e t y  f a c t o r s  

8 
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Bendinq Moment and Shear Forces 

The bending moment general t rends i n  t h e  Y (My) and Z (Mz) d i r e c t i o n s  were as 
expected, and c o r r e l a t i o n  was very good w i t h  past  f l i g h t s .  
were noted i n  t h e  t rends o f  t h e  a x i a l  forces i n  t h e  x d i r e c t i o n  (Vx); 
however, t h e  discrepancies are explainable.  

Some d i f f e r e n c e s  

F l i s h t  EnveloDes and S t r u t  Forces 

Some d iscrepancies i n  t h e  comparison o f  t h e  bending moments and a x i a l  forces 
as compared t o  t h e  pred ic ted  f l i g h t  envelopes were noted. The da ta  compared 
favorab ly  w i t h  prev ious f l i g h t s .  A l l  s t r u t  forces were w i t h i n  t h e  design 
l i m i t  loads. 
Sect ion 4.6. 

Complete eva lua t ion  o f  a l l  ascent loads i s  g iven i n  

3.1.5 S t r u c t u r a l  Dynamics 

Accel erometer data eval  ua t  i on i n d i c a t e d  no anomal ous v i  b r a t  i on 1 eve1 s o r  
f requencies.  Comparison o f  p red ic ted  and measured values was l i m i t e d  due t o  
t h e  ranging o f  t h e  gages and t h e  ana lys is  model bounds. Complete eva lua t ion  
o f  t h e  modal f requencies and v i b r a t i o n a l  ampli tudes i s  found i n  Sect ion 4.7. 

3.1.6 TPS/External Eva1 u a t  i on 

P o s t f l i g h t  inspec t ion  revealed no thermal anomalies o r  unexpected problems. 
The vent va lves al lowed water i n t o  t h e  f i e l d  j o i n t s  upon splashdown as 
discussed as IFA STS-26-M-2 i n  Sect ion 4.1. The c o n d i t i o n  o f  both SRMs was 
s i m i l a r  t o  previous f l i g h t s .  A l l  D F I  thermal t r a j e c t o r y  data was w i t h i n  the  
design estimates, w i t h  t h e  except ion o f  t h e  nozzle f i x e d  housing f lange 
w i t h i n  t h e  SRB a f t  s k i r t  base region. This  h igh  measured temperature value 
was a t t r i b u t e d  t o  poss ib le  adhesive f a i l u r e ,  causing gage detachment from the  
hardware. Refer t o  Sect ion 4.9 f o r  a d d i t i o n a l  in format ion.  
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On-Pad Local Environment Effects 

No apparent evidence o f  temperature depression due to ET cooling was 
observed. 
The ambient environment was in good agreement with historical September data. 

Predictions indicated a decrease of up to 2°F was possible. 

Launch Commit Criteria (LCC)/Infrared (IR) Readinqs 

No LCC violations were encountered, and the field joint heaters and aft 
skirt conditioning systems performed adequately. 
connections did occur; however, this was considered and presented no problem. 
IR measurements were also comparable to the GEI readings. 
Aero/Thermal eval uati on, i ncl udi ng GEI data, is found in Section 4.9. 

Some heater sensor mis- 

Complete 

Thermal Model Veri f i cat i on 

Only limited access of near real-time on-pad GEI and environmental data was 
available to Morton Thiokol after pad validation. 
forecast the local SRM environment and PMBT predictions. 

These data are used to 

GEI data were in relatively good agreement with on-pad thermal model 
predictions for both September historical and pre-T-6 hour real -time 
assessments. Actual flow model verification in the aft skirt region was 
not possible due to lack of sufficient instrumentation on the hardware 
(SRM, aft skirt, thermal curtain, and adjacent to the hardware in the gas 
stream and at the orifice). 

3.1.8 Instrumentation 

A total of 310 developmental flight instrumentation (DFI) measurements 
were installed on flight set 360L001, of which 264 (80 percent) performed 
properly. Thirty-two o f  thirty-seven (97 percent) of the GEI performed 
properly. A complete listing of all instrumentation is found in Sections 
4.10, 4.11, and Volume IX. 
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3.1.9 P o s t f l i q h t  Hardware Assessment 

VOL 

I n s u l a t i o n  

SEC 

No evidence o f  pressure past  the  J - j o i n t  was ev ident  i n  a l l  f i e l d  j o i n t s  on 
both SRMs. 
e i t h e r  nozz le- to-case j o i n t  were i d e n t i f i e d .  
f a c t o r  o f  a t  l e a s t  2, and a minimum o f  t h ree  v i r g i n  p l i e s  remained over a l l  
f a c t o r y  j o i n t s .  A l l  i n t e r n a l  i n s u l a t i o n  was comparable t o  pas t  f l i g h t  and 
s t a t i c  motors. 
Volume I 1 1  o f  t h i s  repo r t .  

Char and heat e f f e c t s  were nominal. No p o l y s u l f i d e  blowholes i n  
A l l  f a c t o r y  j o i n t s  had a safety 

Complete i n s u l a t i o n  eva lua t ion  i s  found i n  Sect ion 4.12.1 and 
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The hardware performed as expected du r ing  f l i g h t .  
t he  newly redesigned f i e l d  j o i n t s  and nozzle-to-case j o i n t s ,  performed as 
expected. Only du r ing  splashdown, and poss ib l y  du r ing  disassembly d i d  any 
s t r u c t u r a l  damage occur. 
was observed. S m a l l  gouges, o r  " f r e t t i n g , "  were a l so  observed upon 
disassembly ( I F A  STS-26-M-3 i n  Sect ion 4.1). A complete eva lua t i on  o f  t he  
case component can be found i n  Sect ion 4.12.2 and Volume I 1  o f  t h i s  repo r t .  

A l l  case j o i n t s ,  i n c l u d i n g  

Cracking o f  t he  s t i f f e n e r  stubs on 360L001B ( r i g h t )  

Seals 

P o s t f l i g h t  i nspec t i on  o f  both motors showed a l l  seals  t o  be i n  e x c e l l e n t  
cond i t i on .  There was no ho t  gas o r  soot past t he  J - l e g  on the  s i x  f i e l d  
j o i n t s  o r  past  t he  p o l y s u l f i d e  adhesive on the  two nozz le- to-case j o i n t s .  
The i g n i t e r  j o i n t s  had no hot gas o r  soot past  t h e  primary seals .  There 
was no s o o t  t o  t h e  nozz le a f t  e x i t  cone pr imary seals.  Inspec t ion  o f  a l l  
O-r ings and gasket seals revealed no damage, heat e f f e c t s ,  o r  eros ion.  
Complete seals  eva lua t ion  i s  found i n  Sect ion 4.12.3 and Volume I V  o f  t h i s  
r e p o r t .  

Nozzl e/Thrust  Vector Contro l  ( T V C )  Performance 

Overa l l  nozz le performance was good, and s i m i l a r  t o  pas t  f i r e d  nozzles. The 
carbon-c lo th  phenol ic  (CCP) on the  e x i t  cone was e i t h e r  f r a c t u r e d  o r  
completely miss ing from 1 inear-shaped charge (LSC) use and water impact, 
exposing the  g l a s s - c l o t h  phenol ic  (GCP) i n s u l a t o r .  The GCP was delaminated 
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from water impact, bu t  showed no signs o f  heat e f f e c t .  The i n t e r n a l  p a r t s  
o f  the  nozz le had t h e  appearance o f  p rev ious l y  p o s t f l i g h t  hardware. There 
were i n t e r m i t t e n t  impact marks loca ted  c i r c u m f e r e n t i a l l y  around both o f  the  
nozzles.  There were a few instances o f  charred CCP popping up and p o s t f i r e  
wedgeouts, which a l so  have been observed on p rev ious l y  p o s t f i r e d  nozzles. 
A complete eva lua t i on  o f  both nozzles can be found i n  Sect ion 4.12.4 and 
Volume V o f  t h i s  repo r t .  
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3.2 CONCLUSIONS 

The conclusions as they r e l a t e  s p e c i f i c a l l y  t o  the  ob jec t i ves  and C E I  
paragraphs are  as fo l lows.  
sec t i on  where t h e  app l icab le  i n fo rma t i cn  can be found. 

Inc luded w i t h  the  conclus ion i s  t he  r e p o r t  

0 b.i e c t i v e C E I  ParaqraDh Concl u s i  ons 

C e r t i f y  t h a t  t he  3.2.1.1.1.1, C e r t i f i e d .  The i g n i t i o n  
i g n i t i o n  i n t e r v a l  i s  I g n i t i o n  I n t e r v a l .  i n t e r v a l s  f o r  RSRMs 
between 202 and 262 ms 
w i t h  a 40 ms env i ron-  s h a l l  be between 202 were 0.230 and 0.231 sec, 
mental de lay a f t e r  and 262 ms.. . respec t i ve l y .  
i g n i t i o n  command. (Table 4.4-1) 

C e r t i f y  t h a t  t h e  3.2.1.1.1.2, C e r t i f i e d .  The maximum 
pressure r i s e  r a t e  Pressure Rise Rate. pressure r i s e  r a t e  f o r  
meets speci f i c a t i o n  The maximum r a t e  o f  RSRMs 360L001A and 
requ i  rements. pressure bu i ldup s h a l l  360L001B was 99.0 and 

be 115.9 p s i  f o r  any 80.5* ps i / lO ms, 
10 ms i n t e r v a l .  respec t i ve l y .  

(Table 4.4-1) 

The i g n i t i o n  i n t e r v a l  360L001A and 3600L001B 

C e r t i f y  t h a t  t h e  t h r u s t  3.2.1.1.2.1. C e r t i f i e d .  The t h r u s t  
t ime performance f a l l s  (Refer t o  Nominal t ime performance was 
w i t h i n  the  nominal Thrust  Time Curve) w i t h i n  t h e  nominal t h r u s t  
t h r u s t  t ime curve. t ime curve. 

C e r t i f y  t h a t  t h e  3.2.1.1.2.2. Cer t  i f i ed. A1 1 motor 
measured motor The de l  i ve red  perform- performance Val ues were 
performance parameters, ance Val ues f o r  each w e l l  w i t h i n  t h e  
when cor rec ted  t o  a i n d i v i d u a l  motor when s p e c i f i c a t i o n  requ i re -  
60°F PMBT, f a l l  w i t h i n  cor rec ted  t o  a 60'F ments. (Tables 4.4-3 and 
t h e  speci  f i c a t i o n  PMBT s h a l l  n o t  exceed 4.4-4) 
1 i m i  t s  . the  1 i m i t s  speci f ied. .  . 

(F igure  2.3.1-8) 

*Value i s  quest ionable due t o  data dropout. 

REVISION - 

89435-2.14 
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C e r t i f y  t h a t  t h e  t h r u s t  
t ime  curve complies 
w i t h  impulse r e q u i r e -  
ments. 
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V e r i f y  t h a t  I C D  2-OA002 
s p e c i f i e d  temperatures 
are  maintained con- 
s t r a i n t s  i n  the  nozz le-  
to-case j o i n t  reg ion.  

V e r i f y  t h e  s t r u c t u r a l  
i n t e g r i t y  o f  t h e  case. 

C e r t i f y  proper  mon 
i n g  o f  motor and 
i g n i t e r  chamber 
pressure du r ing  f l  

REVISION - 

89435-2.15 

t o r -  

ght .  

C E I  ParaqraDh 

3.2.1.1.2.4, 
Impul se Gates. 

Time Tot  Impulse 
I s e c )  (10E6 l b - s e c l  

20 63.1 min 
60 172.9 -1% t3% 

Act ion  t ime (AT) 
293.8 min 

3.2.1.2.1.f. 
Nozzle-to-case j o i n t  0- 
r i n g s  s h a l l  be 
maintained w i th in  t h e  
temperature range as 
s p e c i f i e d  i n  I C D  2- 
OA002. (75' t o  120'F) 

3.2.1.3.b. 
The s t r u c t u r a l  i n t e g -  
r i t y  o f  t h e  pressur ized 
p o r t i o n  o f  t h e  case 
segments s h a l l  be 
demonstrated and 
v e r i f i e d  p r i o r  t o  each 
use.. . 

3.2.1.6.2.1. 
The OPT s h a l l  mon i to r  
t h e  chamber pressure o f  
t h e  RSRMs over the  
range from 0 t o  1,050 
k/15 p s i .  They s h a l l  
operate i n  accordance 
w i t h  I C D  3-44005 ... 
3.2.1.6.2.3 (Addendum 
G). Development f l i g h t  
i ns trumen t a t  i on (DFI  ) 
s h a l l  mon i to r  i n - f l i g h t  
SRM chamber and i g n i t e r  
pressure... 

Conclusions 

Cer t  i f i ed. 
t h r u s t  t ime curve values 
are: 

The nomi na l  

Time (sec) Value 

20 64.7 
60 172.8 

AT 296.7 
(Sect ion 4.4) 

V e r i f i e d .  Tempera- 
t u r e  ranges i n  t h e  
nozz le- to-case j o i n t  
reg ion  were: 

RH 83 t o  94'F 
LH 86 t o  94'F 
(Table 4.9-4) 

V e r i f i e d .  Proof  t e s t i n g  
o f  a l l  case segments was 
performed i n  accordance 
w i t h  t h e  f o l l o w i n g  
s p e c i f i c a t i o n s :  

STW7-3306 Std w t  
STW7-3307 L t  w t  

STW7-2888 Fxd hsg 
STW7-3438 A f t  dome 

STW7-2744 Refurb 

C e r t i f i e d .  The OPTS 
p roper l y  monitored t h e  
chamber pressure and 
operated i n  accordance 
w i t h  I C D  3-44005. 
Recorded pressure data 
and values are discussed 
i n  Sect ion 4.4. 

C e r t i f i e d .  D F I  chamber 
pressure was monitored 
and recorded a t  320 
sampl es/sec. Data 
r e s u l t s  a re  discussed i n  
Sect ion 4.4. 
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0 b.i e c t i v e 

Certify that the field 
joint external heater 
and sensor assembly 
maintain the case field 
joint at 75°F minimum 
and 120°F maximum. 

Certify that each field 
joint heater assembly 
meets a1 1 performance 
requirements when the 
power supply furnished 
meets characteristics 
as defined in ICD 
3-44005. 

Demonstrate flex 
bearing system 
reusability. 

Demonstrate thermal 
protection of the 
cables and systems 
tunnel floor pl ates. 

REVISION - 

89435-2.16 

CEI ParaqraDh 

3.2.1.11.a. 
The case field joint 
external heater and 
sensor assembly shall 
maintain the case field 
joint O-ring seals 
between 75' and 120°F 
at launch ... 
3.2.1.11.1.2, 
Power Supply. 
Each field joint exter- 
nal heater assembly 
shall meet all perform- 
ance requirements ... as 
defined in ICD 3-44005. 

3.2.1.9.c. 
Flex bearing system 
reinforced shims, end 
rings, and elastomer 
materi a1 s. 

3.2.1.10.1. 
The tunnel floor plates 
and tunnel cables will 
be maintained at a 
temperature at or below 
that specified in ICD 
3-44002. 

Conclusions 

Certified. The joint 
heaters maintained all 
field joints between 94 
and 109°F during the 
prel aunch period. 
(Section 4.9). 

Certified. The field 
joint heaters met all 
performance require- 
ments (Section 4.9). 
The power supply was in 
accordance with ICD 
3-44005. Details are 
in Volume V I 1  o f  this 
report. 

Eva1 uat i on i ndi cates no 
condition which would 
adversely affect the 
reusability of the flex 
bearing system. Detailed 
analysis to be completed 
during flex bearing 
acceptance testing. 

Postflight inspection 
showed no adverse thermal 
effects to the system 
tunnel floor plates. No 
means of direct thermal 
measurement is possible 
during fl ight. Thermal 
analysis indicated all 
temperatures are within 
the design limits (TWR- 
16517). Details are in 
Volume V I 1 1  of this 
report. 
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Demonstrate i sol at i on 
of subsystem anomal ies 
if required on first 
flight hardware. 

Demonstrate assembly/ 
disassembly in both 
vertical and horizontal 
positions. 

Demonstrate as sembl y 
and verification of the 
SRB prior to ET mating. 

Demonstrate that the 
RSRM and its components 
are capable of being 
transported to and from 
fabrication, test, 
operational 1 aunch 
recovery/retrieval , and 
refurbishment sites. 

REVISION - 

89435-2.17 

CEI ParaqraDh 

3.2.3.3. 
Is01 at i on of anomal i es 
of time-critical 
functions shall be 
provided so that a 
faulty subsystem 
element can be 
deactivated without 
disrupting its own or 
other subsystems. 

3.2.5.1. 
The RSRM shall be 
capable of assembly/ 
disassembly in both 
vertical and horizontal 
positions. The RSRM 
shall be capable o f  
vertical assembly in a 
manner to meet the 
a1 ignment criteria of 
USBI-10183-0022 without 
a requirement for 
optical equipment. 

3.2.5.4. 
The RSRM assembly and 
verification on the 
mobi 1 e 1 aunch platform 
(MLP) shall be required 
prior to mating to the 
external tank. 

3.2.8. 
The RSRM and its com- 
ponent parts.. . shall 
be capable of being 
hand1 ed and transported 
by rail or other suit- 
able means to and from 
fabrication, test, 
operational 1 aunch, 
recovery/retrieval , and 
refurbishment sites. 

Concl us i ons 

No anomal ies were 
detected, therefore 
isolation of subsystems 
could and need not have 
been demonstrated. (Test 
Summary Sheet 
DGX-14, TWR-15723) 

RSRM vertical assembly in 
accordance with USBI- 
10183-0022 was 
demonstrated in the 
vehi cl e assembly bui 1 di ng 
(VAB) prior to pad 
roll out. No vertical 
disassembly was required. 
Postflight horizontal 
disassembly was 
accomplished at the 
hangar AF facilities. 

The RSRMs were success- 
fully assembled on the 
MLP and mated to the ET. 

The RSRM and its associ- 
ated components demon- 
strated transportabi 1 i ty 
from fabrication in Utah 
to launch in Florida, and 
were recovered, re- 
trieved, and transported 
back to the refurbishment 
sites in Utah. 
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Objec t ive  

Demonstrate remove and 
r e p l  ace capabi 1 i t y  t o  
t h e  f u n c t i o n a l  l i n e  
r e p l  aceable u n i t .  

Inspec t  a l l  RSRM seals  
t o  v e r i f y  seal  
performance. 

Inspec t  seals  f o r  
capabi 1 i ty  o f  opera t ing  
w i t h i n  temperature 
range r e s u l  t i  ng from 
na tu ra l  and induced 
environments. 

REVISION - 

89435-2.18 

C E I  ParasraDh 

3.4.1. 
The maintenance concept 
s h a l l  be t o  "remove and 
r e p l  ace". . . i n  a manner 
which w i l l . .  . prevent 
d e t e r i o r a t i o n  o f  
inherent  design l e v e l s  
o f  re1  i abi  1 i t y  and 
opera t ing  sa fe ty  a t  
minimum p r a c t i c a l  
costs.  

3.2.1.2. 
Redundant, v e r i  f i ab1 e 
seals  s h a l l  be prov ided 
f o r  each pressure 
vessel l e a k  path. Both 
the  pr imary and sec- 
ondary seals s h a l l  
p rov ide  independent 
seal i ng capabi 1 i t y  
through the  e n t i r e  
i g n i t i o n  t r a n s i e n t  and 
motor burn w i thout  
evidence o f  blowby o r  
eros i on. 

3.2.1.2.1.b. F i e l d  and 
Nozzl e/Case J o i n t  
Seals.. . 
3.2.1.2.3. b, F1 ex 
Bear ing Seal s. . . 
3.2.1.2.4. b, I g n i t i o n  
System Seal s.. . 
3.2.1.2.5. b, Nozzle 
I n t e r n a l  Seal s.. . 
. . .sha l l  be capable o f  
opera t ing  w i t h i n  a 
temperature range 
r e s u l t i n g  from a l l  
na tu ra l  and induced 
environments...all 
manufactur ing proces- 
ses, and any motor- 
i nduced env i  ronments . 

Conclusions 

A l l  o f  t h e  OPTS ( 6 ) ,  
i g n i t e r  pressure t rans -  
ducers (2), spec ia l  b o l t s  
(4), and inne r  bo1 t s  were 
changed on f l i g h t  se t  
360L001A and -B, i n  
accordance w i t h  TWA-1903 
and TWA-1904, demonstrat- 
i n g  t h e  remove and 
r e p l  ace concept requi red.  

No evidence o f  h o t  gas, 
heat e f f e c t ,  erosion, o r  
blowby was ev ident  on any 
o f  t he  seals.  
(Sect ion 4.12.3) 

A l l  f i e l d  j o i n t  seals,  
nozz le- to-case j o i n t  
seals,  and i g n i t i o n  
system seals  operated 
w i t h i n  a l l  induced 
environments and showed 
no evidence o f  heat 
ef fec ts ,  erosion, o r  
blowby (Sect ion 4.12.3). 
Pre l  i m i  nary  eval  ua t  i on 
i n d i c a t e s  no anomalies 
w i t h  t h e  f l e x  bear ing and 
nozz le i n t e r n a l  seal s. 
D e t a i l s  a re  i n  Volume V 
o f  t h i s  r e p o r t .  

TWR-17272 I VOL 
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Inspect factory joint 
i nsul at i on for 
accommodation to 
structural def 1 ect i on 
and erosion. 

16 PAGE 

Inspect factory joint 
i nsul at i on for 
operation within a 
temperature range. 

Inspect to verify at 
least one virgin ply of 
insulation over factory 
joint. 

Inspect to verify no 
leakage through 
insulation. 

REVISION - 

89435-2.19 

CEI ParaqraDh 

3.2.1.2.2.a. 
Seal ing shall 
accommodate any 
structural deflections 
or erosion which may 
occur. 

3.2.1.2.2.b. 
Factory joint seals 
shall be capable o f  
operating within a 
temperature range 
resulting from all 
natural and induced 
environments, all 
manufacturing 
processes, and any 
motor-induced 
environments. 

3.2.1.2.2.d. 
The i nsul at i on shall 
provide one or more 
virgin ply coverages at 
end of motor operation. 
The design shall 
perform the seal 
function throughout SRM 
operation. 

3.2.1.2.2.e. 
The insulation used as 
a primary seal shall be 
adequate to preclude 
leaking through the 
i nsul at ion. 

Concl usi ons 

The factory joint 
i nsul at i on remai ned 
sealed and accommodated 
all deflection and 
erosion. (Sect ion 
4.12.1) 

Prel iminary observa- 
tions indicate the 
factory joint seal 
(insulation) operated 
within all induced 
environments 
(Section 4.12.1). 
Details are in Volume 
of this report. 

I 1 1  

Prel iminary measurements 
indicated that three 
virgin insulation plies 
remained over the factory 
joint at the end of motor 
operation. (Sect i on 
4.12.1). Final evalua- 
tion results are in 
Volume I11 of this 
report. 

No evidence o f  leakage 
through the factory joint 
insulation was detected. 
(Section 4.12.1) 
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Oblective 

Inspection of flex 
bearing to determine 
and verify seal ing 
performance in the 
flight environment. 

Inspect to verify no 
gas leaks occurred 
between the flex 
bearing internal 
components. 

Inspect risers for 
damage or cracks that 
would degrade the 
pressure holding 
capability of the case. 

Inspect case for tang 
a1 ignment slots. 

REVISION - 

89435-2.20 

CEI ParaqraPh 

3.2.1.2.3.b. 
Seals shall be capable 
of operating within a 
temperature range 
resulting from all 
natural and induced 
environments, all 
manuf actur i ng 
processes, and any 
motor- induced 
environments. 

3.2.1.2.3.d. 
The flex bearing shall 
maintain a positive gas 
seal between its 
internal components. 

3.2.1.3.c. 
The case shall contain 
risers for attaching 
the ET/SRB aft attach 
ring as defined in ICD 
3-44004. The risers 
shall be part of the 
pressurized section of 
the case and shall not 
degrade the integrity 
o f  the case. 

3.2.1.3.f. 
The case segment mating 
joints shall incorp- 
ate provision to ensure 
proper segment orienta- 
tion and alignment to 
facilitate joining, 
s t ac ki ng , d i sas sembl y , 
and refurbishment for 
reuse. 

Concl us i ons 

Prel imi nary inspection 
indicates the flex 
bearing remai ned seal ed 
throughout a1 1 motor- 
induced environments. 
Final evaluation to be 
compl eted during 
acceptance testing. 

Preliminary inspection 
indicates the flex 
bearing maintained 
positive seal within i t s  
internal components. 
Detailed inspection to be 
completed during 
acceptance testing. 

No damage or adverse 
effects to the external 
tank attach (ETA) risers 
was noted during post- 
test inspection. 
Cracking was observed on 
the stiffener stubs, 
however. (Sect i on 
4.12.2). Complete case 
evaluation is in Volume 
I 1  of this report. 

Post-test case inspec- 
tion revealed no damage, 
indicating that the 
segment tang slots 
provided proper orienta- 
tion and alignment. 
(Section 4.12.2) 
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Inspect for flex 
bearing damage due to 
water impact. 

Inspect to verify 
nozzle 1 iner 
performance. 

- Note: SCN 49 proposes 
to change the CEI 
paragraph wedgeout 
requirement from 
"greater than 0.250 
inches deep" to "yield 
a positive margin of 
safety. I' 

Inspect ignition system 
seals for evidence of 
hot gas leakage. 

REVISION - 

89435-2.21 

CEI ParaaraDh 

3.2.1.3.9. 
The case segment mating 
joints shall contain a 
pin retention device. 

3.2.1.4.6.a 
The nozzle assembly 
shall incorporate a 
nozzle snubbing device 
suitable for preventing 
flex bearing damage 
resulting from water 
impact.. . 
3.2.1.4.13. 
The nozzle flame front 
1 iners shall prevent 
the formation of 
1) pockets greater than 
0.250 in. deep (as 
measured from the 
adjacent nonpocketed 
areas), 2) wedgeouts 
greater than 0.250 in. 
deep, and 3) prefire 
anomalies except as 
a1 1 owed by TWR- 16340. 

3.2.1.5.a. 
The ignition system 
shall preclude hot gas 
leakage during and 
subsequent to motor 
ignition. 

Conclusions 

Post-test inspection 
verified the pin retainer 
bands functioned properly 
and were in place on all 
joints. Detailed results 
are in Volume I1 o f  this 
report. 

Preliminary inspection 
indicates no damage 
occurred. Final 
evaluation to be included 
during flex bearing 
acceptance testing. 

Eva1 uat i on o f  both nozzl e 
1 i ners reveal ed erosion 
profiles similar to what 
has been observed in the 
past. No pockets greater 
than 0.25 in. were 
observed. The 360L0016 
nozzle showed wedgeouts 
of CCP material in the 
nose cap and cowl aft 
ends that may have 
occurred during motor 
burn. (Sectioning will 
positively determine the 
time of occurrence, and 
be evaluated in Volume V )  
All other 360L001 wedge- 
outs occurred postburn. 
No prefire anomalies were 
observed. 
(Section 4.12.4) 

All ignition system seals 
showed no evidence of 
heat effects, erosion, or 
blowby. (Section 4.12.3) 
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Objective 

Inspect igniter for 
evidence of debris 
formation or damage. 

Inspect seals for 
protection of 
degradation from motor 
combustion gas. 

Inspect insulation for 
required performance. 

Inspect shedding 
i nsul at i on materi a1 . 

Inspect joint i nsul a- 
tion for evidence o f  
slag damage. 

Inspect for TPS allow- 
ance of any environ- 
mental damage to the 
RSRM. 

REVISION - 

89435-2.22 

CEI ParaqraDh 

3.2.1.5.2. . . .the igniter hardware 
and materials shall not 
form any debris ... 

3.2.1.8.1.1.d. 
Insulation shall 
protect primary and 
secondary seals from 
vi si bl e degradation 
from motor combustion 
gas. 

3.2.1.8.1.1.e. 
The insulation shall . . .meet a1 1 performance 
requirements under 
worst manufacturing 
to1 erances and geometry 
changes during and 
after assembly and 
throughout motor 
operation. 

3.2.1.8.1.1.f. 
Insul ation materi a1 s 
shall not shed fibrous 
or particulate matter 
during assembly which 
could prevent sealing. 

3.2.1.8.1.1.9. 
The joint insulation 
shall withstand slag 
accumul at i on duri ng 
motor operation. 

3.2.1.8.2. 
TPS shall ensure that 
the mechanical 
properties of the RSRM 
components are not 
degraded when exposed 
to the environments. .. 

DOC NO. 

Concl us i ons 

Preliminary indications 
show no evidence of any 
igniter debris formation. 
Complete evaluation i s  in 
Volume V I  of this report. 

There was no evidence of 
hot gas or soot past the 
J-leg on the six field 
joints or past the 
polysulfide adhesive on 
the two nozzle-to-case 
joints. (Section 4.12.3) 

Preliminary inspection 
indicates the insulation 
met all the p rformance 
requirements. (Section 
4.12.1) Detai ed results 
are in Volume I 1 1  of this 
report. 

No shedding of fibrous or 
part icul ate matter during 
assembly was detected. 
(Section 4.12.1 and 
Volume 111) 

The insulation withstood 
a1 1 sl ag accumul a t  i on 
during motor operation. 
(Section 4.12.1 and 
Volume 111) 

All cork on all field 
joints was in place with 
no pieces or parts of 
pieces missing. No 
ab1 at i ve compound was 
missing, and no debonds 
were found. The TPS vent 
values did allow water 
into the field joints 
upon spl ashdown, recorded 

TWR-17272 I VOL 
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Inspect for thermal 
damage to igniter 
chamber or adapter 
metal parts. 
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Postflight inspection 
of case, igniter, S&A, 
OPT and igniter chamber 
pressure transducers 
for reusabi 1 i ty. 

REVISION - 

3.2.1.8.3. 
The igniter insulation 
shall provide thermal 
protection for the main 
igniter chamber and 
adapter metal parts to 
ensure that RSRM 
operation does not 
degrade their 
functional integrity or 
make them unsuitable 
for refurbishment. 

3.2.1.9.a. 
Case - cy1 indrical 
segments , stiffener 
segments, attach 
segments, forward and 
aft segments, stiffener 
rings, clevis joint 
pins. 

3.2.1.9.d. 
Igniter - chamber, 
adapter, igniter port , 
speci a1 bo1 ts. 

3.2.1.9.e, 
Safe and Arm Device. 

3.2.1.9.f, 
Transducers. 

Concl usi ons 

as IFA STS-26-M-2. (IFA 
discussed in Section 4.1, 
TPS performance discussed 
in Section 4.9) 

Prel imi nary investigation 
revealed no thermal 
damage to the igniter due 
lack of insulation 
functionality. (Section 
4.12.1) Igniter details 
are in Volume V I  of this 
report. 

Preliminary postfl ight 
inspection revealed 
nothing that would 
adversely affect reuse of 
any case part. Detailed 
inspection results are in 
Volume I 1  of this report. 

Preliminary postflight 
inspection reveal ed 
nothing that would 
adversely affect reuse of 
any igniter and/or S&A 
part. Detai 1 ed inspec- 
tion results are i n  
Volume V I  of this report. 

Post-test inspection 
revealed no issues that 
would adversely affect 
any transducer reuse. 
Details are in Volume IX 
of this report. 

89435- 2.23 
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CEI ParaqraDh 

Postflight inspection 3.2.1.12. 
of the case factory 
joint external seal for external seal shall 
moisture. prevent the prel aunch 

The factory joint 

intrusion of rain into 
the factory joints from 
the time of assembly of 
the segment until 
1 aunch.. . The factory 
joint seal shall remain 
intact through flight 
and, as a goal, through 
recovery. 

Inspect hardware for 
damage or anomalies 
i dent i f i ed by FMEAs . 

3.2.3 
The design shall mini- 
mize the probabil i ty of 
failure taking into 
cons i derat i on the 
potent i a1 fai 1 ure modes 
identified and defined 
by FMEAs. 

Perform inspections to 3.2.3.1. 
determi ne adequacy of 
design safety factors, thermal protection, 
relief provisions, thermal protection, and 
fracture control, and pressure vessel sub- 
safe-life and/or fail- systems shall be 
safe characteristics. designed to preclude 

The primary structure, 

failure by use of 
adequate design safety 
factors, relief provi- 
sions, fracture 
control, and safe-1 ife 
and/or fai 1 -safe 
characteristics. 

Inspect to determine 3.2.3.2. 
adequacy of subsystem The redundancy require- 
redundancy and fail - ments for subsystems ... 
safe requirements. shall be established on 

an individual subsystem 
basis, but shall not be 
less than fail-safe.. . 

REVISION - 

89435-2.24 

Conclusions 

Visual examination of the 
factory joint external 
seal revealed no anoma- 
lous conditions. The aft 
factory joint on RSRM 
360L001B (right) was 
penetrated during post- 
flight evaluation. No 
evidence of moisture was 
present. Detailed 
evaluation is in Volume 
VI1 of this report. 

No hardware damage or 
anomalies were found that 
were identified by FMEAs. 
Specific inspection 
results are in the 
i nd i vi dual component 
volumes of this report. 

Postflight inspections 
verified adequate design 
safety factors, relief 
provisions, fracture 
control, and safe-1 i fe 
and/or fail -safe 
characteristics for the 
thermal protection and 
pressure vessel sub- 
systems. Stiffener ring 
stub cracking may affect 
fracture control o f  the 
primary structure, and is 
being evaluated per 
refurbishment specifi- 
cation STW7-2744. 

Inspection reveal ed no 
primary subsys tem 
failure; thus subsystem 
redundancy cannot be 
evaluated. 
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Objective 

Inspect identification 
numbers for 
traceabi 1 i ty. 

Inspect structural 
safety factor for 
case/insulation bonds. 

Inspect case insulation 
to verify remaining 
i nsul at i on t h i c kness . 

REVISION - 

89435-2.25 

CEI Paraqraph 

3.3.1.5. 
Traceabi 1 i ty shall be 
provided by assigning 
a traceability identi- 
fication to each RSRM 
part and material and 
providing a means of 
correlating each to its 
historical records.. . 

3.3.6.1.1.2.a. 
The structural safety 
factor for the case/ 
insulation bonds shall 
be 2.0 minimum during 
the life o f  the RSRM. 

3.3.6.1.2.2. 
The case insulation 
shall have a minimum 
design safety factor of 
1.5, assuming normal 
motor operation, and 
1.2, assuming loss of a 
castable inhibitor. 

3.3.6.1.2.3. 
Case insulation adja- 
cent to metal part 
field joints, nozzle/ 
case joints, and ex- 
tendi ng over factory 
joints shall have a 
minimum safety factor 
of 2.0. 

Concl usi ons 

Inspection numbers for 
traceabil i ty of each RSRM 
part and material are 
provided, and are 
maintained in the 
Automatic Data Collection 
and Retrieval (ADCAR) 
computer system. The 
past history of all RSRM 
parts is in Section 4.2. 

Verification of a 2.0 
safety factor cannot be 
done by inspection; 
however, fl ight perform- 
ance verified a bond 
safety factor of at least 
1.0. Case/i nsul at ion 
bond safety factors o f  
2.0 are verified by 
analysis (TWR-16961). 

All preliminary insula- 
tion thickness measure- 
ments indicate an insula- 
tion safety factor of at 
least 2.0. (Section 
4.12.1) Detailed results 
are in Volume I 1 1  of this 
report. 

All preliminary insula- 
tion thickness measure- 
ments indicate an insula- 
tion safety factor o f  at 
least 2.0. (Section 
4.12.1. and Volume 111) 
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Inspect to verify 
remaining nozzl e 
ablative thicknesses. 

Inspect to verify 
nozzle safety factors. 

Inspect design of 
f unct i onal and physical 
interfaces between SRBs 
and retrieval station. 

Demonstrate that 
recovery procedures 
meet ICD 
speci f i cat i ons . 

CEI ParasraDh 

3.3.6.1.2.4. 
Case insulation in 
sandwich construct ion 
regions (aft dome and 
center segment aft end) 
shall have a minimum 
safety factor of 1.5. 

3.3.6.1.2.6. 
Insulation performance 
shall be cal cul ated 
using actual pre- and 
post-motor operation 
i nsul at ion thickness 
measurements. 

3.3.6.1.2.7. 
The minimum design 
safety factors for the 
nozzle assembly primary 
ablative materials 
shall be as listed 
below.. . (Values not 
included here as 
detai 1 ed results are 
not available at this 
writing . ) 
3.3.6.1.2.8. 
The nozzle performance 
margins o f  safety shall 
be zero or greater ... 
3.6.2.e, 
ICD 2-4A002 Solid 
Rocket Booster 
Ret r i eval Stat i on. 

Conclusions 

A1 1 prel iminary i nsul a- 
t i on t h i c kness measure - 
ments indicate an 
insulation safety factor 
of at least 2.0. 
(Section 4.12.1 and 
Volume 111) 

Prel imi nary i nsul at i on 
thickness measurements 
were made using a 
"F1 etcher" need1 e depth 
gage. (Section 4.12.1) 
Standard measurement 
techniques were used for 
final evaluation. 
(Volume 111) 

Preliminary inspections 
indicate nozzle ab1 at ive 
thicknesses were within 
design safety factors. 
(Section 4.12.4) Detailed 
results are in Volume V 
o f  this report. 

The nozzle performance 
margins are discussed in 
Volume V of this report. 

Both RSRMs were success- 
fully recovered and 
returned to C1 earf i el d, 
Utah for refurbishment 
without significant 
probl ems. However, 
problem reports are being 
reviewed for ICD 2-4A002 
requirements. 
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Postflight inspection 3.3.8.2. b. No evidence of stress 
for presence of stress The criteria for corrosion was found 
corrosion. material selection in during post-test case 

the design to prevent inspection. Details are 
stress corrosion in Volume I1 of this 
failure of fabricated report. 
components shall be in 
accordance with MSFC- 
SPEC-522 and SE-019- 
094-2H. 
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3.3 RECOMMENDATIONS 

A summary of the recommendations made pertaining to flight motor set 360L001 
is as follows. 

3.3.1 Aerothermal Recommendations 

Cork Debris Problem 

The problem of missing regions of TPS from the cork caps covering the 
instrumentation cables could be alleviated by one of two avenues. These are: 

a. Ensure better cork bonds by requiring that adhesive be applied to both 
adherents. 
bonds. 

This should also include the use of a vacuum bag cure on all 

b. Remove the cork cap completely and rely on the K5NA filler to insulate 
the instrumentation cables. 

(A thermal analysis was conducted to determine the K5NA thickness 
required to keep the temperature of the instrumentation cables below the 
required 500°F. 
thickness o f  K5NA over the cable jacket was 0.1 in. for the forward and 
center segments, and 0.15 in. for the aft segment.) 

The analysis.results indicated that the required minimum 

It should also be mentioned, that from a thermal perspective, the side 
One inch of K5NA strips of cork are unnecessary along these runs of cable. 

on both sides of the cables would suffice. However, removing the side strips 
would possibly create other problems from a structural and installation point 
of view. 

REVISION - 
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DFI Measurement Problem 

No insulation was used to cover the DFI thermal gages in the nozzle-to-case 
region, which experienced high temperature readings. 
explainable, assuming slight gage detachment, as a result of direct gage 
exposure to the hot reentry nozzle flame and aerodynamic heating environment 
following thermal curtain breakup. 

These high readings are 

This assessment will be confirmed with data from flight set 360L002 
(STS-27) and subsequent development flight sets, where the gages will be 
directly insulated from the environment with a minimal amount of K5NA. 
the assessment is not confirmed, the SRB reentry environments and/or SRM aft 
end thermal modeling should be considered and appropriately modified. 

If 

GEI Prediction Problem 

Data correlations, predictions versus actual, suggest relatively good 
agreement. However, it is recommended that modeling considerations 
(environment and detail) need to be looked at closely. 
should check the observations and suggested modeling improvements discussed 
in Section 4.9 and incorporate updates as solutions are found. 

Future modeling 

Field Joint Heater Sensor Placement Problem 

It is recommended that sensor strip installation and jiffy connection 
procedures be reviewed and possibly changed to avoid the reoccurrence of 
sensor mi sconnect i on. 

Aft Skirt Conditionina Problem 

It is not possible for any practical model extrapolation to be made of a 
worst-case cold environment due to lack o f  instrumentation in the aft skirt 
area. 
on-pad cold environment prior to a cold weather launch. 

It is recommended that the on-pad system be tested in a worst-case, 

If the actual on-pad system cannot be tested, a suitable alternative 
should be found, such as a fully instrumented mock-up and/or QM-8 testing. 
Testing of the conditioning system in a cold environment should include 
simulated convective cooling on the aft skirt and exit cone due to wind 

REVISION - 
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effects. 
flight configuration as possible. 

Aft skirt and conditioning system hardware should be as close to 

DOC NO. TWR- 172 72 

GEI Accuracv Problem 

It is recommended that the GEI data collection accuracy be increased by 
reducing the gage range and increasing the digital word length. 

VOL 

Infrared Measurement Problem 

SEC 

It is recommended that future infrared field joint measurements be taken at 
locations corresponding to joint heater sensor angular locations so that 
better correlations with GEI data can be made. Also, it is recommended that 
additional measurements be taken prior to joint heater activation. 

26 
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Real-Time Data Acauisition Problem 

It is recommended that aft skirt conditioning system data (GN2 temperature 
and pressure) be built into and be accessible from the Huntsville Operations 
Support Center (HOSC) data network system. 
end data correlations and postflight flex bearing predictions.) 

(These data are necessary for aft 

It is also recommended that near real-time, on-pad GEI and environmental 
data be available to Morton Thiokol after pad validation. 
collected hourly, need to be transmitted electronically at weekly intervals 
until two weeks prior to scheduled launch dates. 
launch, daily transmittals are necessary. These data are necessary to help 
meet the requirement of PMBT updates prior to launch and to aid in predicting 
the local SRM environment by building a variable conditions data base. 

These data, 

From this point until 

3.3.2 Seals Recommendations 

Field Joints 

In some areas the grease application was light, but overall the grease was 
nominal. 
grease had not been rubbed into the metal thoroughly. 
the KSC grease application personnel be more consistent in applying the 
grease to the joints. 

In some of the corroded areas of the joint it was evident that the 
It is recommended that 

REVISION - 
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4.1 SRM IN-FLIGHT ANOMALIES 

Th is  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2.1.2. 

Tables 4.1-1, 4.1-2, and 4.1-3 are t h e  summary sheets f o r  t h e  t h r e e  IFAs 
i d e n t i f i e d  as p e r t a i n i n g  t o  motor s e t  360L001. 

4.2 SRM CONFIGURATION 

Th i  s sec t  i on corresponds w i t h  FEWG r e p o r t  Sect ion 2.1.3.2. 

SRM Hardware Chanqes 

Due t o  t h e  ex tens ive  rework and numerous design changes between t h e  360L001 
RSRMs (STS-26R) and t h e  SRMs used on STS-51L, design change s p e c i f i c s  a re  n o t  
inc luded here. A complete d e s c r i p t i o n  of a l l  hardware changes are  documented 
i n  Morton Thiokol  documents TWR-18414 (RSRM Design C e r t i f i c a t i o n  Review Board 
Overview), and TWR-18654, Revis ion A (Redesign S o l i d  Rocket Motor F l i g h t  
Readiness Review, Level 111). 

SRM Reuse Hardware 

Figures 4.2-1 through 4.2-11 d e t a i l  t h e  reuse hardware f o r  RSRMs 360L001A and 
360L001B. 

4.3 SRB MASS PROPERTIES 

Th is  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2 

Seauent ia l  Mass ProDert ies 

Tables 4.3-1 and 4.3-2 prov ide  STS-26 l e f t -  and r 
sequent i a1 mass p roper t  i e s t  

2.0. 

gh t - hand reconst ructed 

Pred ic ted  Data Versus P o s t f l i q h t  Reconstructed Data 

Tables 4.3-3 and 4.3-4 compare RSRM p red ic ted  sequent ia l  weight and center  o f  
g r a v i t y  da ta  w i t h  p o s t f l i g h t  recons t ruc ted  data. 
da ta  a re  based on average ac tua l  da ta  presented i n  t h e  5 Mar 1988 Mass 

P r e f i r e  mass p r o p e r t i e s  

REVISION - 

89435-2.30 
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Table 4.1-1. In-Flight Anomaly Summary, STS-26-M-1 

1. 
2 .  
3 .  

7. 

8. 

9. 

10. 

11. 

12. 

13.  

14. 

MSFC IFA NO.: STS-26-M-1 4. Element/System: TPS 
PAS Tracking No.: A11767 5. Subsystem: CaP Cork 
Contractor No.: DR4-5/114 6. Criticality: 1 

Problem Title: RSRM-1 (STS-26) DFI TPS Debris 

Description of Problem: 

Should be: no debris from RSRMs during boost phase 

Is: Postflight inspections identify breakup and loss of cork debris 
(STS-42200) on both RSRMs. The cap cork is part of the thermal 
protection system (TPS) for the development flight instrumentation 
(DFI). 

Effectivity: STS-27 and subsequent flights 

Consequence o f  Recurrence: 

Contributes to debris problem during boost phase 

Design Engineer: Mark All ison/William Gerhart 

Prime Contractor: Morton Thiokol, Inc. 

Resolution Summary: 

Only TPS cap cork is missing (cork-to-cork bondline) 
No TPS base cork is missing (cork-to-case bondline) 
Apparent failure mode is insufficient or ineffective cork-to-cork 
bond1 i ne. 

Note: Paint was observed under some bondlines 
Bond1 ine voids in many areas 

I nves t i gat i on/Resol uti on : 

Tap testing has been performed on most of STS-27 cork, and has revealed 
over 100 voids so far. Most are edge unbonds. Where there are center 
voids bonded on both edges, the cork will be vented by drilling 
0.125-in. holes into the void area. Edge unbonds are being removed and 
replaced with KSNA. 
future, the possibility of removing the cap cork completely is being 
evaluated. 
where cork was lost on STS-26, where voids have been found on STS-27, 
and to document the postflight condition of STS-27 and STS-28. 

To prevent this problem from occurring in the 

Flat patterns of the cork runs are being generated to show 
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Table 4.1-2. In-F1 i g h t  Anomaly Summary, STS-26-M-2 

1. MSFC I F A  NO.: STS-26-M-2 4. Element/System: JPS 

2. PAS Track ing No. : A l l  85L Seal 1 
3. Cont rac tor  No.: DR4-5/118 6. C r i t i c a l i t y :  3 

5. Subsystem: Vent Valve (Moisture 

7. Problem T i t l e :  RSRM-1 (STS-26) Vent Valve Anomaly 

8. Desc r ip t i on  o f  Problem: 

Seawater found i n  a l l  s i x  f i e l d  j o i n t  weatherseals, r e s u l t i n g  from 
l e a k i n g  SRB j o i n t  p r o t e c t i o n  system (JPS) vent  valves.  

9. E f f e c t i v i t y :  STS-27 and subsequent f l i g h t s  

10. Consequence o f  Recurrence: 

V e r i f i c a t i o n  o f  vent va lve  c losure  p r i o r  t o  r o l l o u t  precludes t h r e a t  o f  
ascent f l i g h t  w i th  water i n  JPS weatherseals. 

11. Design Engineer: Charles Greatwood, Jim S e i l e r  

12. Prime Contractor :  Morton Thiokol ,  Inc.  

13. Reso lu t ion  Summary: 

The outward f l o w  f u n c t i o n  o f  each vent va lve  i s  v e r i f i e d  du r ing  the  
j o i n t  assembly "c lose-out"  a t  KSC. Reverse d i r e c t i o n  vent  va lve  c losure  
was n o t  v e r i f i e d  f o r  STS-26. Analys is  o f  weatherseal bulge contents  and 
vent  va l ve  assessment produced the  f o l l o w i n g  conclusions: 

a. STS-26 f i e l d  j o i n t  weatherseals ingested seawater. 
b .  S t r u c t u r a l  damage was found i n  some recovered STS-26 valves.  
c. Aluminum ox ide and cork  were i d e n t i f i e d  as t rapped debr is .  

Closure o f  t h e  STS-27 and subsequent f l i g h t  ven t  va lves w i l l  be v e r i f i e d  
p r i o r  t o  r o l l o u t .  

14.  I nves t  i ga t  i on/Resol u t  i on : 

P o s t f l i g h t  v i s u a l  i nspec t i on  detected bulged TPS near f i e l d  j o i n t s .  
Dissected bulges found t o  conta in  seawater and access paths near vent 
va lve  l o c a t i o n  near each f i e l d  j o i n t .  No seawater access r o u t e  was 
determined o the r  than the  vent valves.  Vent va lve  examination showed 
cause o f  leak ing/mal funct ion t o  be trapped debr is ,  s t r u c t u r a l  damage, o r  
f u n c t i o n  f a i l u r e  p r i o r  t o  launch. 
Ma l func t ion  Analys is  Branch f o r  assessment. 

Sample valves were g iven t o  KSC 
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1. 
2. 
3. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

MSFC IFA NO.:  STS-26-M-3 4. Element/System: Field Joints 
PAS Tracking No: A11871 5. Subsystem: CaDture Featdre 
Contractor No: DR4-5/123 6. Criticality: 3 

Problem Title: Fretting in the field joints of STS-26 (RSRM-1) 

Description of Problem: 

Gouges, pits, and/or scratches on case field joint capture feature. 

Effectivity: STS-27 and subsequent flights 

Consequence of Recurrence: 

Fracture mechanics calculations indicate scratches on this magnitude 
would allow approximately 310 hardware uses before achieving a critical 
size; therefore, even if the "fretting" is assumed to occur preflight, 
no flight safety effect is predicted. 

Design Engineer: Dave Campbell, Don Mason 

Prime Contractor: Morton Thiokol, Inc. 

Resol uti on Summary: 

Cause of this condition i s  concluded to be "fretting". 

Include in the postflight refurbishment activity the hand removal of all 
burrs and smoothing of all raised metal on both capture feature compo- 
nent surfaces. Initiate a subscale study to identify mechanism of the 
metal surface "fretting" phenomena and evaluate any metal fatigue 
concerns. 

Invest igation/Resol ution: 

Postflight hardware inspections have identified small gouges: pits, 
and/or scratches located on recovered segment field joint capture 
feature surfaces. 
of many localized cold, welded spots on the tightly-fitted capture 
feature surfaces. 
static test hardware. Classical "fretting" occurs on mating metal1 ic 
surfaces which can "vibrate" during system operation. Timing/cause of 
the STS-26 "fretting" is unknown, but considered to be associated with 
specific RSRM flight hardware/activities, including rollout, flight 
readiness firing (FRF), flight, and towback. 

The cause is considered to be "fretting" or formation 

This has not been seen on any HPM flight or RSRM 

REVISION - 
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Properties Quarterly Status Report (TWR-10211-86) for a 1 ightweight case 
configuration with DFI. 
Mass Properties History Log Space Shuttle 360L001-LH and 360L001-RH 
(TWR-17534 and TWR-17335, respectively). Postflight reconstructed data 
reflect ballistics mass flow data from the 320 samples per sec (sps) measured 
pressure traces and a predicted slag weight of 1,500 lb. 
properties reported after separation reflect delta times from separation and 
nose cap separation previously used on earlier flights. 

Actual STS-26 mass properties may be obtained from 

Those mass 

SCC 

CEI SDecification Reauirements 

Tables 4.3.5 and 4.3.6 present CEI specification requirements and predicted 
and actual weight comparisons. If the earlier predicted slag weight o f  
650 lb were used, the actual weights would be in close agreement. Mass 
properties data for both RSRMs comply with the CEI specification 
requirements. 

46 PAGE 

4.4 SRM PROPULSION PERFORMANCE 

This section corresponds to FEWG report Section 2.3.0. 

4.4.1 Introduction and Summary 

This section contains the propulsion performance data from motors 360L001 
which were assigned to the STS-26R launch. The ballistic performance 
presented in this section was based on the operational flight instrumentation 
(OFI) 12.5 sps pressure data. 
320 sps D F I  data. 
data (telemetered OF1 data); therefore, the left motor DFI data were adjusted 
up 0.6 percent, and the right motor DFI data were adjusted up 1.2 percent. 

The ignition buildup was modeled using the 
The D F I  data magnitudes were below t h a t  o f  the real-time 

The delivered burn rates for both motors were very close to predicted. 
The delivered burn rates were 0.366 in./sec at 625 psia, and 60'F for both 
the left and right motors. 
and 0.001 in./sec lower on the right motor. The average of the two motors 
was only 0.002 in./sec below the target rate of 0.368 in./sec at 625 psia and 
60°F. 
both motors, although the left motor had a 1.0 (lbf-sec/lbm) lower specific 
impulse than predicted. The difference in I 

This was exactly as predicted for the left motor 

The reconstructed specific impulse values were close to predicted for 

in the left motor indicates 
SP 
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t h a t  t he  two motors had e i t h e r  d i f f e r e n t  eros ion pa t te rns  i n  t h e  nozzle, o r  
t h a t  t he re  was a pressure t ransducer e r r o r .  The performance o f  t h e  two 
motors was very  c lose  t o  the  same u n t i l  about 70 sec, where a s l i g h t  d i v e r -  
gence occurs (F igure  4.4.1). 

DOCNO. TWR-17272 

The da ta  as presented were w i t h i n  expected ranges and met a l l  C E I  
s p e c i f i c a t i o n  requirements. The impulse gate in fo rmat ion  has been inc luded 
and compared t o  the  CEI s p e c i f i c a t i o n  requirements. The data, cor rec ted  t o  
60"F, were w e l l  w i t h i n  the  v a r i a t i o n  1 i m i t s  from the  h igh  performance motor 
(HPM) nominal values a t  a burn r a t e  o f  0.368 in./sec a t  625 p s i a  and 60°F. 
The HPM nominal values s ta ted  are  the  average performance da ta  from QM-4, 
ETM-lA, DM-8, DM-9, QM-6, QM-7, PV-1, RSRM-1, SRM-8 through SRM-24 exc lud ing 
SRM-gB, S R M - l l A ,  and SRM-20 through SRM-23. 

VOL 

4.4.2 RSRM Prom1 s i  on Performance Resul ts  

SEC 

The RSRMs f o r  t h i s  f l i g h t  were designated by Morton Thiokol  as 360L001A and 
360L001B f o r  t h e  l e f t  and r i g h t  motors respec t i ve l y ,  as viewed from the  a f t  
end o f  t he  veh ic le .  They were a l so  designated as S S-26A L e f t  and STS-26B 
Righ t  by NASA. A l l  t imes shown i n  t h i s  sect ion,  un ess noted otherwise, are 
re ferenced t o  t h e  SRM i g n i t i o n  command t ime a t  1988 273:11:37:00:009 (EDT). 

4.4.2.1 SRM Nominal Performance Reauirements 

RSRM-lA/RSRM-1B Thrust  Time ComDari son 

49 
PAGE 

The f l  i g h t  motor reconst ructed t h r u s t  t ime t races  a t  t he  de l  i ve red  
temperature o f  79°F are  shown i n  F igure  4.4.1. 

a re  n o t  a v a i l a b l e  f o r  f l i g h t  se ts  o f  motors, t he  t h r u s t  output  f rom each 
motor can be est imated by us ing  f l i g h t  pressure measurements w i t h  t h e  
knowledge o f  p ressu re - to - th rus t  conversions based on t h e  performance o f  RSRM 
s t a t i c  t e s t s .  
p red ic ted  t h r u s t  and recons t ruc ted  t h r u s t  f o r  each motor (F igures 4.4.2 and 
4.4.3). 

Although t h r u s t  measurements 

Using these too l s ,  a comparison can be made between the  

The comparison o f  p red ic ted  and measured head end chamber pressure i s  
shown a l so  i n  F igures 4.4.4 and 4.4.5. 
t o  an HPM versus RSRM p red ic t i on ,  small burn r a t e  d i f f e rences ,  and a s l i g h t  

The d i f f e rences  i n  t h e  t races  a r e  due 
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temperature difference of one degree. Although no ball istic differences were 
to have been incorporated into the RSRM design from the HPM design, certain 
insulation changes have slightly affected the performance of the RSRM. As 
the propellant burns radially outward to the insulation, small differences 
are noticed in the chamber pressure measurements from HPM to RSRM. These are 
best illustrated at the 50-sec point. At this time, the propellant in the 
aft segment has reached the aft factory joint insulation which was thickened, 
thereby causing a sudden decrease in propel 1 ant surface area and consequently 
in chamber pressure. 
joint is the most easily recognizable. 

Other small differences occur, but the aft factory 

VOL 

The RSRM-1 pressure oscillations encountered were typical of those seen 
The magnitudes of the thrust oscillation were in earlier HPM flight motors. 

much smaller than those seen in RSRM static tests. 
pressure oscillations for STS-26 can be seen in Figures 4.4.6 and 4.4.7. 

Waterfall plots of the 

SEC 

RSRM Nominal Thrust Time Performance 

55 PAGE 

The nominal RSRM-HPM performance is defined as the average performance o f  the 
HPM and RSRM static test and flight motor series at standard conditions. The 
standard conditions consist of the propellant burn rate of 0.368 in./sec at 
625 psia and a PMBT of 60°F. 

The flight motor reconstructed thrust time traces are normalized to 
standard conditions and averaged with the static test data at standard 
conditions to form the RSRM-HPM population nominal thrust time trace. This 
RSRM-HPM performance will be continually updated during the shuttle program. 
It is the current estimate o f  the total population performance. The nominal 
performance for the thrust time trace and impulse gate requirements is based 
on the performance of QM-4, SRM-8A, SRM-8B, SRM-gA, SRM-IOA, SRM-IOB, SRM-1lB 
through SRM-lgB, SRM-24A, SRM-24B, ETM-lA, DM-8, DM-9, QM-6, QM-7, PV-I, and 
RSRM- 1. The del ivered RSRM-HPM popul at i on nominal performance i s compared to 
the CEI requirements in Figure 4.4.8. 

ImDul se at Standard Conditions Versus Reauirement Gates 

The vacuum impulse at standard conditions at each of the gates is compared to 
the CEI specification requirements below. The population making up the 
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standard nominal for the impulse requirements are the same as those in the 
nominal thrust time trace (Figure 4.4.8). 

59 PAGE 

RSRM-HPM P o w 1  at i on 

ImDul se Reauirement Standard Nominal * 
1-20 
(lo6 lb-sec) 63.1 (minimum) 64.6 

1-6; 172.9, 178.1(+3%) 172.8 

I-Action time 293.8 (minimum) 296.6 
(IO6 lb-sec) 

(10 lb-sec) 171.2( -1%) 

*Normalized to standard conditions burn rate of 0.368 in./sec. 
Population is the same as used to compare thrust trace 
(Figure 4.4.8). 

4.4.2.2 SRM Prowl si on Performance ComDari sons 

SRM Predicted ImDulse, I,, Burn Rate, Event Times, SeDaration, and PMBT 
ComDari son 

The reconstructed SRM propulsion performance is compared to the predicted 
performance in Table 4.4-1. The actual values are very close to the 
predicted data for both motors with the exception o f  the following. 
actual I 

S P  
predicted. 
nozzle eroded slightly differently beginning at 70 sec. 
error may also explain the difference. 

The 
and action time impulse for RSRM-IA was slightly lower than 
An assessment of the pressure trace indicated that the RSRM-1A 

Pressure transducer 

The pressure rise rates were quite different despite the two motors 
being matched pairs. A close look at the DFI (320 sps) data showed a slight 
data dropout at the time of maximum pressure rise rate in the pressure trace 
of RSRM-1B. The calculated rise rate for RSRM-1B was 80.5 psia/lO ms, while 
that of RSRM-1A was 99.0 psia/lO ms. It is unclear if this is a valid 
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Tab1 e 4.4- 1. RSRM Propul s ion  Performance 

DOCNO. TWR-17272 

1-20 ( l o 6  l b -sec )  
1-60 ( l o 6  lb -sec)  
I -AT ( l o 6  lb -sec)  

VOL 

Vac I (1 b-sec/l  bm) 
SP 

SEC 

Burn Rate 
( in./sec a t  60'F 
and 625 p s i a )  

60 PAGE 

Event Times (sec) 
I g n i t i o n  I n t e r v a l  
Web Time 
Time o f  50 p s i a  Cue 
Ac t ion  Time 
Separat ion Command 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I 
4 
1 
I 

m 

I REVISION - 

I 89435-7.3 

PMBT ( O F )  

Max Rise Rate 
(ps i / lO ms) 

Decay Time (sec) 
(59.4 p s i a  t o  
85k-1 b t h r u s t )  

RSRM- 1A 
Pred ic ted  Actual*  

65.47 65.82 
175.19 174.64 
297.61 296.18 

268.82 267.53 

0.366 0.366 

0.232 0.230 
110.5 110.3 
119.8 119.7 
122.1 122.4 
124.7 124.6 

80.0 79.0 

91.8 99.0 

3.8 3.2 

RSRM-1B 

Predicted Actual 

Pred ic ted  

65.87 
175.35 
297.61 

268.82 

0.367 

0.232 
110.8 
119.4 
121.7 
124.3 

80.0 

91.8 

3.5 

T a i l o f f  Imbalance 
D i f f e r e n t i a l  (10 l b f )  

0.82 0.97 

*Impulse, Isp, and burn r a t e  parameters a re  recons t ruc ted  values. 

Actual  * 
65.90 

174.94 
297.59 

268.81 

0.366 

0.231 
110.3 
119.7 
123.2 
124.6 

79.0 

80.5 

4.0 
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ca lcu la ted  r i s e  r a t e  w i t h  the  da ta  unadjusted t o  compensate f o r  t he  da ta  
dropout.  
va lue o f  RSRM-1A. 

With the  da ta  adjusted, t he  r i s e  r a t e  would be much c l o s e r  t o  the  

DOCNO. TWR-17272 

A comparison of ac tua l  and p red ic ted  p rope l l an t  burn r a t e s  t o  the  t a r g e t  
burn r a t e  f o r  t h e  f l i g h t  SRMs a t  a PMBT o f  60°F i s  shown i n  F igure  4.4.9. 

4.4.2.3 Matched P a i r  Thrust  D i f f e r e n t i a l .  The t h r u s t  imbalance assessment 
i s  shown i n  Table 4.4-2. 
t h r u s t  d i f f e r e n t i a l  du r ing  i g n i t i o n ,  steady s ta te ,  and t a i l o f f .  
t h r u s t  d i f f e r e n t i a l  values were near the  nominal values experienced by 
prev ious f l i g h t  SRMs and were we l l  w i t h i n  the  C E I  s p e c i f i c a t i o n  l i m i t s .  
t h r u s t  values used f o r  t he  assessment were reconst ructed a t  t h e  de l i ve red  
cond i t i ons  o f  each motor. 

Figures 4.4.10 through Figure 4.4.13 show the  
A l l  the  

The 

VOL 

4.4.2.4 Performance Tolerances. The parameter v a r i a t i o n s  o f  t h e  t o t a l  
popu la t i on  o f  SRMs about a nominal value are const ra ined by the  requirements 
de f ined i n  t h e  SRM C E I  s p e c i f i c a t i o n .  
c a l c u l a t e d  and reconst ructed parameters a t  PMBT o f  60°F w i t h  respect  t o  the  
nominal values and the  SRM C E I  s p e c i f i c a t i o n  maximum 3 sigma requirements i s  
shown i n  Tables 4.4-3 and 4.4-4. 

A comparison o f  t he  RSRM-lA/RSRM-1B 

SEC 

4.4.2.5 Matched P a i r  Performance Reauirements. The C E I  s p e c i f i c a t i o n  
requ i res  t h a t  t he  performance o f  a matched p a i r  o f  motors on a f l i g h t  se t  
have s i m i l a r  performance according t o  Table 4.4-5. F1 i g h t  motors 360L001 
were w e l l  w i t h i n  the  matched p a i r  s p e c i f i c a t i o n  requirements. 

61 PAGE 

4.5 SRM NOZZLE PERFORMANCE 

This  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2.4.3. 
6 6 The SRM nozz le torque was between 1 . 5 ~ 1 0  2 . 9 ~ 1 0  i n . - l b ,  which compares 

w i th  prev ious f l i g h t  torque data and i s  a lso  comparable t o  s t a t i c  t e s t  nozz le 
torque data. The char and eros ion performance i s  discussed i n  
Sect ion 4.12.4. 

4.6 SRM ASCENT LOADS 

This  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2.5.2. 
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Tab1 e 4.4-2. RSRM Thrust Imbalance Summary 
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Event SDec 

I g n i t i o n  (0 t o  1 sec, l b f )  300 k 

Steady Sta te  (1 sec t o  f i r s t  85 k 
web t ime -4.5 sec, l b f )  

T r a n s i t i o n  ( f i r s t  web t ime 85 t o  268k 
-4.5 sec t o  f i r s t  web 1 i near 
t ime, l b f )  

T a i l o f f  ( f i r s t  web t ime t o  710k 
l a s t  a c t i o n  time, l b f )  

Imbalance Time 

+85.2k 0.160 

-44.8k 84.0 

-25.5k 110.0 

-36.3k 115.0 
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Table 4.4-3. Comparison o f  RSRM-1A Va r ia t i ons  a t  PMBT = 60°F About 

68 PAGE 

Nominal To C E I  S p e c i f i c a t i o n  Requirements 

Parameter 

I 
s 
I 
I 
I 
1 
1 
1 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I REVISION - 

)I 89435-7 .5  

Web Time 
Ac t ion  Time 
Web Time Avg Pressure 
Max Pressure 
Max Sea Level T rus t  
Web Time Avg Vac Thrust  
Vac Del S p e c i f i c  Impulse 
Web Time Vac To ta l  
Impul se 
Ac t i on  Time Vac To ta l  
Impul se 

CE I 
Max 3 Sigma Nominal RSRM-1A 

Var i  a t  i on (%) Val ue* Val ue** 

25.0 

26.5 
k5.3 
26.5 

k6.2 
25.3 
20.7 
21 .o 

111.7 
123.4 
660.8 
918.4 
3.06 
2.59 

267.1 
288.9 

112.4 
124.8 
656.0 
904.4 
3.06 
2.57 

267.3 
288.5 

+1 .o 296.3 295.7 

RSRM- 1 A  
Vari a t  i on*** 

(%) 

0.63 
1.13 

-0.73 
-1.52 
0.00 

-0.77 
0.07 

-0.14 

-0.20 

Pressure values i n  psia,  t h r u s t  values i n  Mlbf, impulse values i n  Mlbf-sec 

*QM-4 s t a t i c  t e s t  and SRM-8A and -8B, SRM-gA, SRM-1OA and -10B, S R M - l l A ,  
SRM-13A and -13B f l i g h t  average a t  standard cond i t i ons  

**RSRM-1A a t  PMBT = 60°F 
* * * V a r i  a t  i on = ( (RSRM- 1A - nominal )/nominal ) x 100 
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Table 4.4-4. Comparison o f  RSRM-IB Var ia t i ons  a t  PMBT = 60'F About 
Nominal To C E I  S p e c i f i c a t i o n  Requirements 

Parameter 

I 
1 
I 
I 
I 
I 
1 
I 
I 
i 
I 
1 
I 
1 
I 
I 
I 
I REVISION - 

I 89435-7 .6  

Web Time 
Ac t ion  Time 
Web Time Avg Pressure 
Max Pressure 
Max Sea Level T rus t  
Web Time Avg Vac Thrust  
Vac Del S p e c i f i c  Impulse 
Web Time Vac To ta l  
Impul se 
Ac t i on  Time Vac To ta l  
Impul se 

C E I  
Max 3 Sigma Nominal RSRM-IB 

V a r i a t i o n  (%l Value* Value** 

k5.0 
k6.5 
k5.3 
k6.5 
k6.2 
k5.3 
20.7 
k1 .o 

111.7 
123.4 
660.8 
918.4 
3.06 
2.59 

267.1 
288.9 

112.4 
125.4 
659.1 
906.6 

3.06 
2.58 

268.6 
289.7 

k1 .o 296.3 297.2 

RSRM- 1 B 
Vari a t  i on*** 

(%I  

0.63 
1.62 

-0.26 
-1.28 
0.00 

-0.39 
0.56 
0.28 

0.30 

Pressure values i n  ps ia ,  t h r u s t  values i n  Mlbf ,  impulse values i n  Mlbf-sec 

*QM-4 s t a t i c  t e s t  and SRM-8A and -8B, SRM-gA, SRM-1OA and -10B, SRM-11A, 
SRM-13A AND -13B f l i g h t  average a t  standard cond i t i ons  

**RSRM-IA a t  PMBT = 60'F 
***Var ia t ion = ((RSRM-1B - nominal)/nominal) x 100 
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Table 4.4-5. Matched P a i r  Performance L i m i t s  

70 PAGE 

1 
I 
1 
1 
I 
I 
t 
1 
I 
I 
1 
t 
I 
I 
I 
1 
I 
I REVISION - 

Parameter 
Web Time 
Act ion  Time 
Web Time Avg Pressure 
Max Pressure 
Max Sea Level Thrust  
Web Time Avg Vac Thrust  
Vac Del S p e c i f i c  Impul se 
Web Time Vac Tota l  

Ac t ion  Time Vac Tota l  
Impulse 

Impulse 

C E I  Speci f i c a t  i o n  
Max D i f fe rence (%) 

k2.0 
k3.0 
k2.0 

NA 
NA 

*2.0 

+1 .o 
21.4 

t1.4 

Del i vered 
D i f fe rence*  [%I 

0.00 
0.48 
0.47 
0.24 
0.00 
0.39 
0.49 
0.42 

0.51 

Pressure values i n  ps ia,  t h r u s t  values i n  Mlbf, impulse values i n  
M1 b f  -sec 

* V a r i a t i o n  = ((RSRM-1B - RSRM-lA)/(RSRM-1 avg) x 100. 
Data a t  PMBT o f  60'F. 
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4.6.1 Introduction 

The RSRM set 360L001 (STS-26R), launched 29 Sep 1988, were fully instrumented 
in order to evaluate motor performance during holddown, lift-off, and ascent 
through separation. This section details the assessment of the case field 
joints, factory joints, internal nozzle joints, igniter and S&A joints, 
nozzle-to-case joint, and case metal components. Comparisons to flight 
envelopes and previous flights are also presented. 

In most cases, actual test data are compared to predicted values for 
each location. 
and case structural responses during STS-26. This finite element model uses 
super-element techniques to model all components of the RSRM in detail 
(except for the nozzle-to-case joint, which is in Section 4.6.3.4). 
load case L02044R was chosen to represent typical loading parameters which 
are imposed upon the RSRM during lift-off. This load case includes a time 
span from 0 to 10 sec, with SRB ignition occurring at approximately 6.5 sec, 
and was expected to predict displacement and strain values within an order of 
magnitude only. A detailed description of the model and analysis techniques 
used in predicting the structural response of the motor is found in Morton 
Thiokol document TWR-18212. 

A detailed global model of the RSRM was used to predict joint 

Rockwell 

The predictions included in the nozzle-to-case tables are ratioed to the 
360L001 motor set (STS-26R) pressure. 
multiplying the original prediction by the ratio of the estimated 360L001 
(STS-26R) pressure to the prediction pressure. 
predictions were calculated assuming a common pressure, which in most cases 
is somewhat larger than the actual pressure for the specific location. 
Therefore, by using the ratio of the predictions to STS-26 values, a 
comparison can be made. 
foll ows: 

The ratios were determined by 

This i s  done because these 

The calculation of the pressure ratio works as 

Maximum radial growth (e.g., girth strain) for a particular location is 
derived from test data and from the time at which it occurred. The head 
end pressure at this time is then determined. 
pressure drop at this time is found. 
predicted pressure drops were given in TWR-18766. 

Also, a predicted 
For set 360L001 (STS-26R), the 
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Therefore, the pressure ratio is: 

Head end Dressure - Dredicted Dressure droD = Pressure ratio 
Predicted pressure 

The percent difference between analysis and measured data is given by: 

Prediction - Measured x 100 [ Measured 1 
Biaxial strain gages placed in the aft field joint and ETA ring region 

and also around the nozzle-to-case joint are used to calculate the 
corresponding hoop and axial stresses. These stresses illustrate the effects 
of the ETA ring on the aft field joint and of vectoring on the nozzle-to-case 
joint. The local stresses are then compared to the predicted values. The 
maximum measured stress in these areas was found to be hoop stress, and from 
this stress a safety factor was also determined. 

The predictions (not including the nozzle-to-case joint) are the maximum 
expected values for the first 3 sec of flight. 
strain for the duration of the flight was also evaluated. 

The maximum experienced 

The strain gages were zeroed after SRB stacking, but before mating with 
the orbiter and ET, so the strain gages report some initial strain before 
launch, which is caused by the weight and induced bending of the orbiter and 
ET. Because of when they were zeroed, the strain gages do not show any 
s t r a i n  resulting from the weight of the segments above them. 
ideal to know the actual strain experienced by the case at e v e r y  i n s t r u m e n t e d  

location for every flight event. After separation and before chute 
deployment the SRBs are essentially in a load-free state (free fall), with 
very little if any motor pressure and very small external loads. For  this 
reason, all of the strain gages were adjusted to end at zero at this 
point. This shifting of the data show, as near as possible, the actual 
strain level at any point during flight. 
every time, it also shows the strain caused by the weight of the case 
segments prior to Space Shuttle main engine (SSME) buildup. 

It would be 

Because the data are shifted at 

REVISION - 

89435-2.37 



MORTON THIOKOL. INC 
Space Operations 

Once t h i s  adjustment has been made, the  s t r a i n  values are  i n p u t  i n t o  
program SLBOl, which ca l cu la tes  the  s t ress  d i s t r i b u t i o n  around t h e  case. 
ou tpu t  from t h i s  program i s  p u t  i n t o  program SLBO6, which ca l cu la tes  bending 
moment and a x i a l  fo rce .  
The r e s u l t s  of t h i s  program were a l so  p l o t t e d  w i t h  prev ious f l i g h t  da ta  as a 
f u n c t i o n  o f  t ime, and w i t h  the  envelopes f o r  s p e c i f i c  f l i g h t  events as a 
f u n c t i o n  o f  s t a t i o n .  

The 

These r e s u l t s  a re  presented as a f u n c t i o n  o f  t i m e .  

DOCNO. TWR-17272 

4.6.2 Summarv 

The g i r t h  gage measurements from f i e l d ,  fac to ry ,  and nozz le- to-case j o i n t s  
compare c l o s e l y  t o  p r e t e s t  p red ic t i ons  and corresponding gages from s t a t i c  
t e s t s .  The p r e d i c t i o n s  used a t y p i c a l  load  case r a t h e r  than ac tua l  loads, so 

they were on ly  expected t o  be w i t h i n  an order  o f  magnitude. The h ighes t  
percentage d i f f e rence  was -17.1 percent on the  forward f i e l d  j o i n t ,  17.1 
percent  on t h e  nozz le- to-case j o i n t ,  and -5.6 percent on case membrane. 

VOL 

The b i  a x i  a1 gage 1 i ne/l oad measurements compared c l o s e l y  w i t h  p red ic ted  
values. The b i a x i a l  s t r a i n  gage data f o r  each s t a t i o n  were used t o  c a l c u l a t e  
a s t ress  d i s t r i b u t i o n ,  and t h i s  in fo rmat ion  was used t o  c a l c u l a t e  bending 
moments and a x i a l  f o rce  as a func t i on  o f  t ime. Resul ts  show t h a t  t he  maximum 
bending moment occurred on t h e  l e f t  SRB du r ing  SSME bu i l dup  reaching a 
maximum value o f  290 x 10 i n . - l b .  The a x i a l  f o r c e  i n i t i a l l y  was no t  as 
l i n e a r  down t h e  motor as expected, and reached a maximum o f  -13,400 k i p s  a t  

S t a t i o n  556 on t h e  l e f t  motor, occur r ing  a t  l i f t - o f f .  
was -25 k ips / i n .  and occurred a t  S t a t i o n  1466 on the  l e f t  motor. 
data were p l o t t e d  w i t h  the  f l i g h t  envelopes, and revealed t h e  da ta  were 
e i t h e r  w i t h i n  o r  near the  envelope reg ion.  
prev ious f l i g h t s  and showed good c o r r e l a t i o n .  

6 

The maximum l i n e  load 
The f l i g h t  

The da ta  were a l so  p l o t t e d  w i t h  

SEC 

4.6.3 Test Resul ts  

73 PAGE 

4.6.3.1 Inst rumentat ion.  Inst rumentat ion ( g i r t h  and b i a x i a l  s t r a i n  gages) 
was placed on, and c lose  to ,  t he  f i e l d  and nozz le- to-case j o i n t s  t o  
cha rac te r i ze  j o i n t  performance. 
f u n c t i o n  : 

Fol lowing i s  a l i s t  o f  gages used and t h e i r  
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74 PAGE 

Bi axi a1 Gages 

Measure the average hoop strain for the entire 
360-deg circumference. 
radial deflections are determined from the 
product of measured (average) girth strain and 
the nominal hardware radii at the corresponding 
gage 1 ocat i on. 

From the hoop strain, 

Measures local rather than average axial and 
hoop strains incurred in the case during 
pressurization. From the strains, stress can 
be cal cul ated. 

Pressure Transducer Installed in the igniter to measure head end 
chamber pressure. 

Thermocouple Monitors temperature. 

4.6.3.2 Case Girth Gaqe Response 

Field Joint Girth Gases 

Flight set 360L001 (STS-26R) instrumentation on both the left and right RSRM 
consisted of six girth gages per field joint. 
list the girth gage response from 0 to 3 sec, and the maximum strain for 0 to 
120 sec for the forward, center, and aft field joints at the time intervals 
for both the left and right motors. 
gages that either did not work or gave bad data. No girth gages on the right 
SRB forward field j o i n t  worked properly; therefore, no table for this joint 
is included. These tables also compare the maximum measured strain and 
corresponding radial growth with the predicted values for the field joints. 
The results show a good correlation between analysis and test data. All 
field joint predictions are within the range of -17.1 to 9.4 percent of 
measured values. 
location 6 (Station 857.5) on the left SRB. 

Tables 4.6-1 through 4.6-5 

There were an unusually large number o f  

The maximum radial growth was 0.215 in., which occurred at 

Tables 4.6-6 through 4.6-8 compare motor set 360L001 with several static 
motors. Very good correlation can be seen. 
growth behavior shows the joint is rotating outward. 

Close study of the field joint 
This can be seen from 
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the higher radial growth values at the forward and aft ends of each joint, 
and the lower values closer to the pin centerline. 

Case Membrane Girth Gacle Resoonse 

360L001 (STS-26R) instrumentation on both the left and right RSRM consisted 
of four girth gages on the case membrane. Tables 4.6-9 and 4.6-10 list the 
girth gage response from 0 to 3 sec and compares the measured strain and 
calculated radial growth with predicted values (these predicted values are 
for the first 3 sec only). Also listed is the maximum radial growth for 0 to 
120 sec. Every prediction is within -5.6 percent of the measured test data. 

Table 4.6-11 shows the comparison of 360L001 with several static tests, 
as well as predictions (from 0 to 120 sec). This table shows a good 
correlation with these tests. The maximum radial growth occurred at 
location 4 (Station 1091.5) on the right SRB, and has a value of 0.281 inch. 

4.6.3.3 Case Bi axi a1 Stresses 

Case Line Loads, Aft Field/ETA Joint 

360L001 instrumentation consisted of biaxial gages at six locations along the 
case (4 on Stations 556.50, 876.50, 1196.50, 1466.00, and 1797.00 and eight 
each on Stations 1493.0 and 1501.00). Tables 4.6-12 and 4.6-13 illustrate 
case line load and moment biaxials stresses with corresponding predictions 
for the first 3 sec o f  flight. 
measured and predicted values, with the exception of the axial gages at 
Station 1493. A t  t h i s  s t a t i o n ,  due t o  very l o c a l i z e d  conditions from case 
bending (or joint rotation), negative strain values are predicted. Actual 
readings, however, were positive. One explanation for the discrepancy may be 
a slight strain gage misplacement, as even a small gage misplacement would 
move out of the localized area of negative strain into a positive strain 
region. Instrumentation error is also possible. These explanations are 
currently being investigated. 

These tables show a good correlation between 

Table 4.6-14 lists the maximum hoop and axial stresses measured from 
biaxial gages for the total 120-sec burn time. These tables do not provide a 
comparison between test data and analysis. Analysis was performed for the 
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initial 3-sec burn time only, which does not necessarily correspond with 
maximum stress occurrence. 

The maximum measured hoop stress occurred at Station 556.5 on the right 
SRB at 98 deg, measuring a local stress of 140.2 ksi. The corresponding 
axial stress occurred at Station 556.5 on the right SRB at 98 deg, measuring 
a local stress of 78.8 ksi. The ultimate strength of D6AC steel is 214 ksi 
with biaxial improvement. The maximum measured axial and hoop stress results 
in a safety factor of 2.72 and 1.53 respectively. The yield strength of D6AC 
is 180 ksi. Therefore, no local yielding was measured in this area. 

4.6.3.4 Nozzle-to-Case Joint Performance 

Model Predictions Techniaues 

360L001 instrumentation on the nozzle-to-case joint consisted of five girth 
gages, two stations of biaxial gages, and one station of a uniaxial gage 
(meridional). Test results at these locations are compared to analytical 
results acquired from a three-dimensional (3-D) finite element analysis. The 
analysis was performed with the finite element code ANSYS using 1.8-deg model 
of the nozzle-to-case joint. 
transforming into two-dimensional (2-D) away from the joint. 

Near the joint region, the model was 3-D, 

The following assumptions and parameters were included in the model : 

--Nominal values for material properties and hardware dimensions 
--Preload of 140 kips in the axial bolts and 47 kips in the radial 

bolts 
--Internal pressure o f  909 p s i g  applied up to the backside of the 

primary O-ring groove 
- - Fri ct i on1 ess joint behavior 
--Zero vectoring nozzle condition 
- -Propel 1 ant was not model ed 

Because the model is cycl ic-symmetric, any circumferential variation 
indicated by the test data will not be taken into account. 
performed at 909 psig, linearly scaled to the estimated nozzle stagnation 
pressure, which involves approximately five percent error due to the 
nonlinear analysis. Two sets of tables were run for each gage: 
between the time interval of 18 to 22 sec to show comparisons to predictions 

The analysis was 

the first 
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(to exclude the effects of vectoring), and the second between 0 and 120 sec 
to show the maximum experienced strain for the duration of the test. 

Nozzle-to-Case Joint Girth Gaqes 

Radial deflection is an important parameter to characterize, since it is 
proportional to joint hoop stress. Tables 4.6-15 and 4.6-16 list the girth 
gage response during the flight for the left and right motors, respectively, 
and compare the values with analysis. A good correlation with predicted 
values can be seen. The percent difference ranges from -6.2 to 17.1 percent. 
These tables also show the maximum radial growth for the duration of the 
flight. Table 4.6-17 shows a comparison and good correlation between 36OLOO1 
and several static test motors. 

As expected, calculated radial growths indicated a "prying open'' action 
and outward rotation of the joint. The maximum measured radial growth was 
0.108 in. and occurred at location 3 on both the left and right SRBs. 

Nozzle-to-Case Joint Biaxial Strain Gaqes 

The nozzle-to-case biaxial s measure local rather than average strains. 
Tables 4.6-18 and 4.6-19 compare the measured and predicted strain values 
between 18 and 22 sec. This time range was chosen so that the effects o f  
vectoring would be minimal. 
discrepancies with the predicted values are discussed below. 

Some possible reasons for the relatively large 

Previous static fire tests have shown that the nozzle-to-case joint 
gages do not compare as well t o  analytical data as gages on other parts o f  

the motor. The reason for the variation is: 

--Some gages are located in the neck of the fixed housing; the 3 - D  

--Analytical data were linearly scaled to the test data 
--Nozzle stagnation pressure was estimated to be 818 psig, but not 

--Nominal materials were used for the finite element model 

model grid may not be fine enough to accurately predict 
ci rcumferenti a1 strain 

me as u red 

Tables 4.6-20 and 4.6-21 show the maximum meridional and hoop stress 
values for the duration of the test (0 to 120 sec). 
occurs in the hoop direction at location 3, 0 deg on the left SRM, and had a 
value of 75.1 ksi. This gives a safety factor of 2.85. 

The maximum stress 
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4.6.3.5 Moment, Shear, and Strut Forces. Six stations along the full length 
of the SRM contained biaxial strain gages at four locations around the 
circumference (approximately 90 deg apart). 
each station is generated. 
moments and axial loads are computed. 
previous flights and predicted loads at all significant operational periods 
including: lift-off, shuttle roll maneuver, maximum acceleration, maximum 
dynamic pressure, and separation. 

From these a stress plane at 

These results are compared to both 
From the stress plane the Y and Z axis bending 

SEC 

Stations 556 and 876 on the right SRB were determined to have anomalous 
data because the strain gage data for these stations show a very rapid 
decrease in strain immediately after lift-off. 
gages is motor pressure, and since the motor pressure does not decrease 
nearly as rapidly, there is no reason for this gage behavior. 
right motor pressure was essentially identical, and the left motor strain 
gages do not show this behavior. 
previous flights, and is believed to be a data acquisition problem. However, 
these data were used in the calculations of bending moments and axial force, 
and plotted to show the difference between the left and right motors. 

The main driver for these 

The left and 

This behavior has not been seen in any 
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PAGE 

Bendinq in the Y-Axis (MY) 

Figures 4.6.1 through 4.6.6 show the bending about the Y axis for both the 
left and right motors for Stations 556, 867, 1196, 1466, 1501, and 1797. 
Initially, the case is seen to be bending in the tY direction, which is 
caused by the orbiter weight. The magnitude increases linearly going down 
the case toward the holddown point. There i s  an abrupt shift at Station 1501 
(Figure 4.6.5) caused by the struts giving added support and the fact that 
the case is slightly thicker at this point (0.58 in. at Station 1501 as 
compared to 0.479 in. at other stations). 

During SSME buildup, every station experiences a change from positive to 

This value 
negative bending as the SRBs bend over. The maximum value was 
-290 x lo6 in.-lb at Station 1797 on the left SRB (Figure 4.6.6). 
compares well with the design maximum of -304 x 10 in.-lb. 6 
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Upon lift-off, the values reduce significantly, coming back to nearly 
zero for every Station except 556. 
lift-off. During shuttle roll maneuver, the left SRB experiences an increase 
in bending, while the right SRB experiences a decrease. 
nozzles are vectoring to cause the roll, and the SRBs are essentially 
pivoting about the struts. 
and right SRBs is opposite for the reason mentioned previously. 
significant trends occur from this point on, as the data find their way to 
zero. 

Station 556 jumps to a positive value at 

This is because the 

At the end of the roll, the change for the left 
No other 

VOL 

Figures 4.6.7 through 4.6.10 are plots of the first three flights, and 
also include flight set 360L001 (STS-26R). Stations were chosen on 360L001 
that were as near as possible to the stations used on these previous flights. 
The correlation is very good. 

SEC 

Bendinq in the 2-Axis (Mz) 

103 PAGE 

Figures 4.6.11 through 4.6.16 show the bending about the Z axis for both the 
left and right motors for Stations 556, 867, 1196, 1466, 1501, and 1797. 
Initially, the top of the motors is seen to be bending in toward the ET, 
which is due to the weight of the ET and orbiter. Moving down the motor, the 
bending becomes less and less, then changes sign between Stations 1196 and 
1466 as expected. 
magnitude because the SRBs are firing, and the motor is essentially pivoting 
about the attach points. 
the same peaks as bending about the Y axis, with the exception that both the 
left and right motors move in the same direction. 
convention. During the first phase of the roll, the left motor is moving 
away from the ET, and the right motor is moving toward the ET. 
is true of the second part of the roll maneuver. 
from the other stations. 
path back to zero during the flight. 

Upon lift-off, these same effects are seen with a larger 

During roll maneuver, Stations 1196 and 1466 show 

This is due to the sign 

The opposite 
Station 1797 is different 

After lift-off, it follows a more or less linear 

Figures 4.6.17 through 4.6.20 are plots of bending about the Z axis o f  
the first three flights and 360L001 (STS-26R) as a function of time. 
overall correlation is very good. At Station 1196, bending about the Z axis 
of the right motor shows a much higher oscillation during roll maneuver, and 

The 
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t he  o v e r a l l  magnitude i s  s l i g h t l y  l e s s  than STS-1 through STS-3. 
1797, bending about t h e  Z a x i s  o f  t he  l e f t  motor shows a magnitude t h a t  i s  
s l i g h t l y  h igher  than STS-1 through STS-3. 

A t  S t a t i o n  

Ax ia l  Forces i n  t h e  X-Axis CVx) 

F igures 4.6.21 through 4.6.26 show the  a x i a l  f o rce  f o r  both t h e  l e f t  and 
r i g h t  motors f o r  S ta t i ons  556, 876, 1196, 1466, 1501, and 1797. A p o s i t i v e  
va lue represents  a compressive force,  and a negat ive va lue represents  a 
t e n s i l e  force.  I n i t i a l l y ,  t h e  a x i a l  fo rces  a t  each s t a t i o n  are  subjected t o  
t h e  weight of t he  ET, t h e  o r b i t e r ,  and the  segments above the  p a r t i c u l a r  
s t a t i o n .  
increase l i n e a r l y  proceeding down the  case. A comparison o f  t h e  measured 
da ta  as compared t o  the  p red ic ted  f l i g h t  envelopes i s  discussed f u r t h e r  i n  
Sect ion 4.6.3.6. 

Since these are t h e  on ly  forces a c t i n g  a x i a l l y ,  t h e  r e s u l t  should 

Upon SRB i g n i t i o n ,  t he  cases immediately go i n t o  tens ion  as t h e  motors 
p ressur ize  and l i f t - o f f .  The maximum value was -13,400 k i p s  and occurred a t  
S t a t i o n  556 o f  t he  l e f t  motor. A f t e r  t h i s  po in t ,  t he  shape o f  t he  p l o t  looks 
l i k e  t h e  motor pressure p l o t s .  There i s  good agreement between t h e  l e f t  and 
r i g h t  motors. Some o f  t he  d i f f e rences  can be a t t r i b u t e d  t o  t h e  f a c t  t h a t  t he  
gages were zeroed a t  t he  end o f  t he  f l i g h t ,  and t h e  ac tua l  s t r a i n  values 
experienced by the  l e f t  and r i g h t  motors, and each s t a t i o n ,  were probably  no t  
e x a c t l y  zero. 
bu i  1 dup. 

This  cou ld  a l so  account f o r  t he  n o n l i n e a r i t y  be fore  SSME 

F igures 4.6.27 through 4.6.30 compare the  a x i a l  f o rce  o f  t h e  f i r s t  t h ree  
f l i g h t s  and 360L001 (STS-26R). 
The h ighe r  magnitude o f  360L001 can be expla ined by t h e  f a c t  t h a t  t h e  
redesigned boosters a re  HPMs, and ob ta in  a h igher  opera t ing  pressure than the  
01 der  motors. 

The shape o f  t he  curves are  very  s i m i l a r .  

L ine  Loads 

Using the  bending moment and a x i a l  f o r c e  data, t h e  l i n e  loads were 
ca lcu la ted .  The maximum values f o r  each motor and f l i g h t  event and t h e  
s t a t i o n  where they  occurred are  shown i n  Table 4.6-22. 
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Figure 4.6-25. 360L001 Station 1501 
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Figure 4.6-26..  360L001 Station 1797 
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Figure 4.6-28. 360L001 Versus Previous F1 ights 
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Table 4.6-22.  Maximum Values f o r  Motor and F l i g h t  Events 

Riaht  Motor L e f t  Motor 

Max Max 
Line Load Line Load 

F l i s h t  Event (k iDs/ in.  1 Sta t ion  (k iDs/ in . )  S t a t i o n  

Prelaunch 9 .8  1797 10.0 1797 

Buildup 23.6 1797 18.8 1797 

L i f t - o f f  -24.3 876 -23.7 1466 

Rol l  -25.5 1466 -24.4 1466 

Max Q -22.3 1466 -21.5 1466 

Max G -18.9 1466 -17 .5  1466 

Prestaging -1 .5  1466 -1 .6  1797 
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4.6.3.6 F l i a h t  EnveloDes. I n  general, t he  bending moments and a x i a l  f o rce  
experienced by 360L001 (STS-26R) were e i t h e r  w i t h i n  t h e  envelopes o r  s l i g h t l y  
out. The f o l l o w i n g  are poss ib le  reasons why a l l  t h e  l oad ing  did n o t  f a l l  
w i t h i n  the  envelopes: 

SEC 

a. Several s t r a i n  gages went i n t o  t h e  c a l c u l a t i o n  o f  each load, and every 
gage has an unce r ta in t y  associated w i t h  the  gage i t s e l f ,  p l u s  some d r i f t  
i n  each gage du r ing  t h e  f l i g h t .  

S t a t i o n  1501 i s  l oca ted  i n  an area where t h e  case i s  s l i g h t l y  t h i c k e r  
than a l l  o f  t h e  o the r  s t a t i o n s  (0.479 i n .  i n  t h e  membrane, and 0.58 i n .  
a t  t h i s  s t a t i o n ) .  The programs used w i l l  no t  a l l ow  more than one case 
thickness as an i n p u t  parameter. 

c. Ad jus t i ng  t h e  s t r a i n  data t o  end a t  zero adds some u n c e r t a i n t y  s ince  the  
exact s t r a i n  experienced du r ing  f r e e  f a l l  i s  no t  known. 

The program ca lcu la tes  a l i n e a r  s t ress  d i s t r i b u t i o n  from t h e  s t r a i n  data, 
and t h e  case does no t  necessar i l y  behave l i n e a r l y  du r ing  f l i g h t .  

should be noted t h a t  t he  da ta  compare favorab ly  w i t h  t h e  previous f l i g h t  
data, as expected. 

b. 

d. 

It 

118 PAGE 

The t i m e  ranges used t o  f i n d  the maximum and minimum values f o r  each 
event are de f ined i n  Table 4.6-23. 

As mentioned prev ious ly ,  S ta t ions  556 and 876 o f  t h e  r i g h t  SRB were 
determined t o  be bad and were no t  included i n  the  envelope f i gu res .  

Bendinq About t h e  Y Axis 

Figures 4.6.31 through 4.6.44 are p l o t s  o f  t he  maximum and minimum values f o r  
360L001 and the  envelopes f o r  s p e c i f i c  f l i g h t  events. These p l o t s  show t h a t  
t h e  360L001 maximum and minimum data are c o n s i s t e n t l y  too  h igh  a t  S t a t i o n  556 
o f  t h e  l e f t  SRB. S t a t i o n  1797 o f  both motors i s  s l i g h t l y  high, f a l l i n g  j u s t  
ou ts ide  t h e  envelopes on several occasions. 

Bendinq about t h e  Z Axis 

Figures 4.6.45 through 4.6.58 are p l o t s  o f  t h e  maximum and minimum values f o r  
360L001 and t h e  envelopes f o r  s p e c i f i c  f l i g h t  events. These p l o t s  show t h a t  
t h e  da ta  f o l l o w  the  c o r r e c t  trend, but  t he  magnitude i s  somewhat inaccurate.  

REVISION - 

89435 -2.46 
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89435- 2.47 

F l i q h t  Event Time Ranqe ( s e c l  

Prelaunch -15.0 t o  -10 .0  
Bui 1 dup -1 .6  t o  -0.8 
L i  ft-Off 0 .5  t o  4 .0  
Ro l l  maneuver 7 .0  t o  18.0 
Max Q 27.0 t o  76.0 
Max G 72.0 t o  90.0 
Preseparation 119.0 t o  124.0 
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Figure 4.6-31. 360L001 Prelaunch Envelope 

BENDING ABOUT THE Y AXIS RIGHT SRB 

- MAX ENVELOPE 
- MIN ENVELOPE 

MAX ACTUAL 
MIN ACTUAL 

- - -  
- _ _  

I 1 I I I I I 

. 600 800 1000 1200 1400 1 600 '1  800 

STATION (INCHES) 

Figure 4.6-32. . 360L001 Prelaunch Envelope 
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Figure 4.6-33.  360L001 Buildup Envelope 
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Figure 4.6-35.  360L001 L i f t - o f f  Envelope 
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Figure 4.6-36. ,360LOOl L i f t - o f f  Envelope 
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Figure 4.6-37. 360L001 Rol l  Envelope 
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Figure 4.6-38. . 360L001 Roll Envelope 
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Figure 4.6-39. 360L001 Maximum Q Envelope 
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Figure 4.6-40. , 360L001 Maximum Q Envelope 
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Figure 4.6-42. ' 360L001 Maximum G Envelope 
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Figure 4.6-43. 360L001 Prestaging Envelope 
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Figure 4.6-44. ' 360L001 Prestaging Envelope 
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Figure 4.6-45.  360L001 Pre l  aunch Envelope 
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Figure 4.6-46.  360L001 Prelaunch Envelope 
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Figure 4.6-47.  360L001 Buildup Envelope 
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Figure 4.6-48.  . 360L001 Buildup Envelope 
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Figure 4.6-49. 360L001 Lift-off Envelope 
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Figure 4.6-50. ' 360L001 Lift-off Envelope 
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Figure 4.6-51.  360L001 Rol l  Envelope 
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Figure 4.6-53. 360L001 Maximum Q Envelope 
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Figure 4.6-54. . 360L001 Maximum Q Envelope 



MORTON THIOKOL. INC 
Space Operations 

BENDING ABOUT THE Z AXIS LEFT SRB 
50 

n 
0 
0 0 
9 

9 
0 
0 

c 

-so 
X 

v) 

-I 
m 

z -100 
v 

I- 
Z 
W 5 -150 
I 

- MAX ENVELOPE 
- MIN ENVELOPE 

* ,  ’ .  
’ ,  

- 200 
600 800 1 000 1200 1400 1600 1 800 

STATION (INCHES) 

Figure 4.6-55. 360L001 Maximum G Envelope 
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Figure 4.6-56. ’ 360L001 Maximum G Envelope 
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Figure 4.6-57.  360L001 Prestaging Envelope 
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F igures 4.6.59 through 4.6.72 show t h e  a x i a l  f o rce  envelopes and t h e  360L001 
da ta  p l o t t e d  as a f u n c t i o n  o f  s ta t i on .  F igure 4.6.59 shows t h a t  t he  load ing  
does increase w i t h  progression, bu t  no t  as l i n e a r l y  as expected. 
1501 shows a marked decrease i n  load ing  (as a l so  seen w i t h  the  bending about 
t h e  Y and Z ax i s )  which i s  due t o  the  increased case th ickness  i n  t h i s  
reg ion .  With t h e  except ion o f  prelaunch, bui ldup, and s h u t t l e  r o l l  maneuver, 
these da ta  a re  very  near t h e  envelopes. 

S t a t i o n  

1 34 PAGE 

4.6.3.7 S t r u t  Forces. 
f o r c e  i n  t h e  Y and Z d i rec t i ons ,  respec t ive ly ,  showing t h a t  t h e  da ta  s t a r t  
and end a t  approximately t h e  same pos i t i on ,  and t h a t  t he  r e s u l t a n t  Y booster 
fo rces  are  approximately equal and opposi te.  (The l e f t  SRB shows a p o s i t i v e  
va lue w h i l e  t h e  r i g h t  SRB shows a negat ive value.) The r e s u l t a n t  Z f o rce  
shows t h a t  t h e  r i g h t  SRB experiences about 900 k i p s  more f o r c e  than the  l e f t  
SRB. 

Figures 4.6.73 and 4.6.74 present  t h e  r e s u l t a n t  s t r u t  

The reason f o r  t h i s  has no t  y e t  been determined. 

4.7 SRM STRUCTURAL DYNAMICS 

This  sec t i on  corresponds w i t h  FEWG r e p o r t  Sect ion 2.6.2. 

4.7.1 0b.iecti ves 

The ob jec t i ves  o f  t he  s t r u c t u r a l  dynamics sec t i on  were t o  v e r i f y  t he  
p red ic ted  behavior o f  t he  SRM du r ing  p r e f l i g h t ,  l i f t - o f f ,  and f l i g h t  w i t h  
respec t  t o  accelerat ions,  and t o  determine i f  any abnormal v i b r a t i o n s  
ex is ted .  V e r i f i c a t i o n  o f  t he  a n a l y t i c a l  techniques u t i l i z e d  for SRM 

p r e d i c t i o n  behavior, as w e l l  as examination o f  t h e  SRM random v i b r a t i o n  
environment were a1 so ob jec t ives .  

4.7.2 F l i q h t  Ins t rumenta t ion  

The s p e c i f i c s  o f  t h e  accelerometers used fo r  da ta  a c q u i s i t i o n  are  summarized 
as fo l l ows :  
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Figure 4 .6-59 .  360L001 Prel aunch Envelope 
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Figure 4 .6 -60 .  ' 360L001 Prelaunch Envelope 
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Figure 4.6-61. 360L001 Buildup Envelope 
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Figure 4.6-62. . 360L001 Buildup Envelope 
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Figure 4.6-63.  360L001 L i f t - o f f  Envelope 
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Figure 4 6-65.  360L001 Roll Envel ope 
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Figure 4.6-66.  360L001 Roll Envelope 
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Figure 4.6-67. 360L001 Maximum Q Envelope 

AXIAL FORCE RIGHT SRB 

REVISION - 

2000 

0 

- 2000 

- -1000 

- 6000 

- so00 

- 10000 

- I '000 

- I 4000 

- ' MAX ENVELOPE 
- MIN ENVELOPE - 

MAX ACTUAL 
MIN ACTUAL 

- - -  
- - -  

I I I I 1 1 

GOO 800 1000 1200 1400 1600 1800 

STATION (INCHES) 

Figure 4.6-68. ' 360L001 Maximum Q Envelope 
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Figure 4.6-69. 360L001 Maximum G Envelope 
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Figure 4.6-70.  ' 360L001 Maximum G Envelope 
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Figure 4.6-71. 360L001 Prestaging Envelope 
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I 
I 
I 

Instrument 
No. 

B08D7160A 
B08D7 161A 
B08D7 162A 
B08D8151A 
B08D8152A 
B08D8153A 
B08D8160A 
B08D8161A 
B08D8163A 

Angular 
LOC (deq) 

0 
0 
0 

180 
180 
180 
180 
180 
0 

SRB 
D i r e c t i o n  

Axi  a1 
Tang. 
Radi a1 
Axi  a1 
Rad i a1 
Tang. 
Ax i  a1 
Tang. 
Tang. 

Ranqe 

+log 
& l o g  
+ log  
&400g 
2400g 
k400g 
& l o g  
+ log  
& l o g  

FM (Hzl 

5-50 
5-50 
5-50 
NA 
NA 
NA 
5-50 
5-50 
5-50 

4.7.3 Resu l ts  Discuss ion 

For a l l  t h e  t ime h i s t o r y  p l o t s  referenced i n  t h i s  sect ion,  t h e  0.0-sec p o i n t  
i s  SRB i g n i t i o n .  

V i b r a t i o n  AmDlitudes 

The t ime h i s t o r y  p l o t s  f o r  each channel from 0 t o  123 sec are  shown i n  
F igures 4.7.1 through 4.7.9. Evaluat ion i nd i ca tes  t h a t  t h e  r i gh t -hand  SRB 
has g rea te r  v i b r a t i o n  i n  t h e  a x i a l  d i r e c t i o n  than the  l e f t - h a n d  SRB. The two 
t a n g e n t i a l  d i r e c t i o n  channels (B08D7161 and BO808161 loca ted  on t h e  l e f t  and 
r i g h t  SRBs, respec t i ve l y ) ,  which were both loca ted  on the  o r b i t e r  s ide,  show 
very  s i m i l a r  v i b r a t i o n  amplitudes (maximum 39 l e v e l ) .  Channel B08D8163, 
however, which was loca ted  on t h e  outboard s ide  o f  t h e  r i g h t  SRB i n  the  
t a n g e n t i a l  d i r e c t i o n ,  showed very s i g n i f i c a n t  s t rong v i b r a t i o n  l e v e l s  o f  up 
t o  129. The r i g i d  body acce le ra t i on  i n  the  a x i a l  d i r e c t i o n  can n o t  be seen 
from e i t h e r  channel B08D7160 ( l e f t  SRB a x i a l )  o r  channel B08D8160 ( r i g h t  SRB 

a x i a l ) .  The reason ( f o r  no t  de tec t i ng  the  a x i a l  acce le ra t ion)  may occur 
because t h e  frequency o f  r i g i d  body acce le ra t i on  i s  so low t h a t  i t  i s  ou ts ide  
the  accelerometer de tec t i on  range. 

Channels B08D8151 through B08D8153, which are a x i a l ,  r a d i a l ,  and 
t a n g e n t i a l  gages on the  r i g h t  SRB, detected o n l y  noise.  
f o r  t h i s  i s  t h a t  t he  v i b r a t i o n  range o f  those th ree  channels i s  so h igh  
(t400g) t h a t  they cannot de tec t  t he  ac tua l  v i b r a t i o n  environment o f  & log .  

One poss ib le  reason 
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To compare t o  p red ic ted  r e s u l t s ,  t h e  data from -5 t o  5 sec were se lected and 
f i l t e r e d  us ing a low-pass 15 Hz f i l t e r ,  which i s  t h e  maximum frequency used 
i n  t h e  a n a l y t i c a l  model. 
4.7.15. The comparison o f  peak values between pred ic ted  and measured r e s u l t s  
are g iven i n  Table 4.7-1. 

The r e s u l t s  are shown i n  Figures 4.7.10 through 

SEC 

From Table 4.7-1 i t  can be seen t h a t  the  pred ic ted  peaks i n  t h e  
t a n g e n t i a l  d i r e c t i o n  are n o t  very c lose. The reason f o r  t h e  poor c o r r e l a t i o n  
may be t h a t  t h e  frequency used i n  t h e  NASTRAN model i s  o n l y  v a l i d  up t o  
15 Hz. I f  t h e  dominant modes o f  v i b r a t i o n  i n  t h e  t a n g e n t i a l  d i r e c t i o n  do no t  
occur below 15 Hz, t h e  measured values would vary from t h e  p r e d i c t e d  r e s u l t s .  
Another reason f o r  t h e  v a r i a t i o n  i s  t h a t  the  load case used f o r  p r e d i c t i o n s  
i s  t h e  Rockwell Load Case RI-L02044, which i s  n o t  t h e  actual  load  case dur ing  
t h e  STS-26 f l i g h t .  
w i l l  use t h e  modal frequency up t o  40 Hz and t h e  actual  STS-26 f l i g h t  loads, 
w i  11 decrease t h e  d i f f e r e n c e  between actual  and p r e d i c t e d  values. 

It i s  p red ic ted  t h a t  t h e  p o s t - t e s t  c o r r e l a t i o n ,  which 

153 PAGE 

Modal Freauencies 

Modal f requencies represent ing t h e  s t r u c t u r a l  modes o f  v i b r a t i o n  can be 
i d e n t i f i e d  by us ing w a t e r f a l l  p l o t s .  Water fa l l  p l o t s  f o r  each channel are 
shown i n  Figures 4.7.16 through 4.7.24. 
t h e  f i r s t  a x i a l  mode, which s t a r t s  a t  about 20 Hz and ends about 39 Hz, 
dominates t h e  a x i a l  mode o f  v i b r a t i o n .  Since t h e  NASTRAN a n a l y t i c a l  model 
o n l y  fo recas ts  up t o  15 Hz, t h i s  a x i a l  made was n o t  predic ted.  
t a n g e n t i a l  d i r e c t i o n  channels, B08D7161 and B08D8161, have very s i m i l a r  
w a t e r f a l l  p l o t s ,  and are cons is ten t  w i t h  t h e  t ime h i s t o r y  data. 

It can be seen from t h e  f i g u r e s  t h a t  

The 

The t o r s i o n a l  v i b r a t i o n  mode, s t a r t i n g  a t  about 14 Hz and ending about 
32 Hz, dominated t h e  t a n g e n t i a l  d i r e c t i o n  o f  v i b r a t i o n .  
through 4.7.21 show t h a t  t h e  w a t e r f a l l  p l o t s  f o r  t h e  th ree  t a n g e n t i a l  
channels (B08D7161, B08D8161, and B08D8163) are constant w i t h  t h e  f l  i g h t  t ime 
data. 
which i s  cons is ten t  w i t h  t h e  previous v i b r a t i o n  l e v e l  observat ion.  

Figures 4.7.19 

Th is  again i n d i c a t e s  t h a t  these th ree  channels conta in  o n l y  noise, 
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Tab1 e 4.7- 1. Peak Accel e r a t  i ons Compari sons 

1 60 PAGE 

Pred i cted Measured (STS-26) 
Gaqe D i r e c t i o n  0 0 

BO807160 Axi a1 0.6 0.3 
B08D7 161 Tangent i a1 1.2 0.1 
B08D7 162 Rad i a1 0.5 0.5 
B08D8 160 Axi a1 0.6 0.45 
B08D8161 Tangent i a1 1.2 0.05 
B08D8163 Tangent i a1 1.3 0.15 
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The predicted and measured modal frequencies are listed as follows in 
Table 4.7-2. To obtain more detail on the actual flight frequencies and 
modes, additional accelerometers would be required. 

170 PAGE 

Table 4.7-2. Predicted and Measured Modal Frequencies 

Di recti on Pred i cted Measured (STS-26) 

Axi a1 Not applicable, modes Started at 20 Hz 
limited to 15 Hz Ended at about 39 Hz 

Torsional Started at 14.9 Hz Started at about 14 Hz 
Ended at about 32 Hz 

The random vibration criterion cannot be checked adequately since the 
available sample rate (320 sps) is too low (NASA SE-019-049-2H criterion 
required up to 2,000 Hz). 

4.8 SRM AEROHEATING ENVIRONMENT 

This section corresponds to FEWG report Section 2.7.0. 

4.8.1 Introduction 

Component design analyses due to current flight-induced thermal loads were 
performed during the redesign effort and will be documented in the SRB 
Thermal Design Data Book, SE-019-068-2H. Thermal response estimates for DFI 
locations were inferred from these analyses and summarized together with 
actual STS-26R DFI response (Table 4.9-2 in Section 4 .9 .2 ) .  

The current design loads were developed for a conservative trajectory 
(Table 4.9-7 in Section 4.9.3.1). 
included in planned flight trajectories. 
available for the trajectory of STS-26R, there was no direct correlation 
possible with actual DFI data. However, actual DFI data were used to 
determine whether design predictions were exceeded. 

4.8.2 Summary and Conclusion 

This trajectory (IVBC-3) is presently not 
Since thermal loads data were not 

Primarily, all DFI data were within design estimates (Table 4.9-2 in 
Section 4.9.2). The only exception was the measured data on the SRM nozzle 
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fixed housing flange within the SRB aft skirt base region. 
exceeded design estimates. 
failure, causing gage detachment from the hardware. 
to cover these gages on STS-26R. 
slight gage detachment, due to the direct exposure of these gages to the hot 
environment (reentry nozzle flame and aerodynamic heating) following thermal 
curtain breakup. 

These data 
This was attributed to a possible adhesive 

No insulation was used 
The high readings are explainable, assuming 

This assessment will be confirmed with STS-27 and subsequent 
developmental flight sets, where the gages will be directly insulated from 
the environment with a minimal amount of K5NA, and should better follow 
hardware response. 
end thermal modeling will need to be considered and appropriately modified. 

If not confirmed, SRB reentry environments and/or SRM aft 

SEC 

Further details concerning DFI thermal SRM assessments and flight- 
induced problems can be found in Section 4.9. 

171 PAGE 

4.9 SRM TEMPERATURE AND TPS PERFORMANCE 

This section corresponds to FEWG report Section 2.8.2. 

4.9.1 Introduction 

STS-26R thermal performance of the SRM external components and TPS has been 
evaluated. 
inspection and DFI/GEI/joint heater sensor/thermal imaging data. 

This section documents the assessments of postfl ight hardware 

Performance o f  internal components (insulation, case metal components, 
and seals) i s  reported i n  Section 4.12. 

4.9.2 Summary 

a. Postflight inspection data revealed no anomalies or unexpected problems. 
both SRMs was similar to that of previous flight motors. 
des an overall summary of SRM TPS condition. 

The condition of 
Table 4.9-1 prov 

b. DFI thermal data 
derived from des 
measured data on 

were for the most part well within the estimated values 
gn trajectory analyses. The only exception was that the 
the SRM nozzle fixed housing flange within the SRB aft 

Table 4.9-2 skirt base region exceeded design estimates (Section 4.9.3). 
details flight design trajectory temperature estimates versus actual 
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Tab1 e 4.9- 1. SRM External  Performance Summary 
( L e f t  and Right  Motors) 

ComDonent 

F i e l d  J o i n t s  

Factory  Jo i n t s 

Systems Tunnel 

S t i f f e n e r  
Rings 

D F I ,  Cables 

Nozzle E x i t  
Cone 

Motor Case 

REVISION - 

89435-5.1 

TPS 
Mater i  a1 

Cork 

EPDM 

Cork 

EPDM 

Cork, 
s i 1  i c a  
phenol i c 

Cork 

NA 

Performance 

Typ i c a l  

Typica l  

Typica l  

Typica l  

Typica l  

Ty p i c a 1 

Typi c a l  

Recovered Hardware 
Performance Assessment 

A l l  f i e l d  j o i n t s  i n  e x c e l l e n t  
cond i t ion ;  s l i g h t  p a i n t  b l i s t e r i n g .  

A l l  f a c t o r y  j o i n t s  i n  very  good 
cond i t ion ;  s l i g h t  a b l a t i o n  o f  EPDM 
on a f t  segment j o i n t s  on inboard 
s ide  o f  both motors (approximately 
220 t o  320 deg). 

Cork TPS adjacent t o  tunnel  f l o o r  
p l a t e  i n  e x c e l l e n t  cond i t i on ;  very  
l i t t l e  p a i n t  d i s c o l o r a t i o n  and no 
measurable cork  ab1 a t  i on. 

Normal thermal ly ,  o n l y  s i g n i f i c a n t  
a b l a t i o n  was on s tub  t i p s  and lead-  
i n g  edge o f  "t" sec t ions  on inboard 
s ide  o f  motors; s t i f f e n e r  r i n g s  on 
RH motor were f r a c t u r e d  a t  approx- 
imate ly  160 deg due t o  water impact. 

General ly i n  good c o n d i t i o n  w i t h  
s l i g h t  p a i n t  b l i s t e r i n g ;  several  
p ieces o f  cap cork  miss ing  on D F I  
cable runs. 

Normal, based on temperature sensor 
data. 

No ho t  spots or d i s c o l o r a t i o n  o f  
t he  motor case p a i n t  due t o  ex terna l  
o r  i n t e r n a l  heat ing;  i n t e r m i t t e n t  
p a i n t  b l i s t e r i n g  on e i t h e r  s ide  o f  
forward stubs. 
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Table 4.9-2. F1 i g h t  Design T ra jec to ry  Estimates Versus 
Actual  STS-26R Ascent and Reentry D F I  Data 

Component 
and 

Loca t ion  
I g n i t e r  Adapter 

RH 
LH 

RH 
Fwd F i e l d  J o i n t  

LH 

A f t  F i e l d  J o i n t  
RH 

LH 

Nozzl e/Case J o i n t  
RH 

LH 

Nozzle A f t  E x i t  
Cone, A1 umi num 

RH 
LH 

Nozzle E x i t ,  Under 
Cork 

RH 
LH 

Ax i  a1 
S t a t i o n  

( in .  1 
4 86 

846.3 

1486.3 

1877.5 

1905 

1996.5 

Angular Maximum TemDerature ( 'F )  
Loca t ion  Design Measured 

(deq) Es t imate  Ascent Reent ry  

191 
191 

180 
60 
300 
0 

120 
240 

180 
60 

300 
0 

120 
240 

180 
90 
0 

270 
0 
90 
180 
270 

0 
180 

300 
240 

200 
200 

120 
120 
120 
120 
120 
120 

132 
125 
128 
132 
125 
128 

150 
150 
150 
150 
150 
150 
150 
150 

290 
290 

3 50 
350 

80 
73 

95 
95 
89 
92 
95 
89 

99 
99 
92 
95 
99 
94 

88 
85 
91 
90 
87 
87 
87 
87 

85 
84 

98 
90 

96 
85 

97 
97 
91 
95 
96 
92 

104 
100 
95 
100 
100 
96 

- -* 
260** - ,* - -* 
143 
255** 
186** 
220** 

200 
185 

230 
243 

*Data were l o s t  f o l l o w i n g  thermal c u r t a i n  breakup a t  -290 sec. 
**Gage response exceeded des ign  est imates.  Th is  was a t t r i b u t e d  t o  p o s s i b l e  

adhesive f a i l u r e ,  causing gage detachment f rom t h e  hardware. No i n s u l a t i o n  
was used t o  cover  these gages on STS-26R. The h i g h  read ings  a re  exp la inab le ,  
assuming s l i g h t  gage detachment, due t o  t h e  d i r e c t  exposure o f  these gages t o  
t h e  h o t  environment f o l l o w i n g  thermal c u r t a i n  breakup. Th is  assessment w i l l  
be conf i rmed w i t h  STS-27 and subsequent developmental f l i g h t  se ts ,  where t h e  
gages w i l l  be d i r e c t l y  i n s u l a t e d  f rom t h e  environment w i th  a minimal amount o f  
K5NA and should b e t t e r  f o l l o w  hardware response. 
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C. 

d. 

e. 

f. 

g *  

ascent and r e e n t r y  D F I  data. 
f o r  DFI on i g n i t e r  adapter, f i e l d  j o i n t s ,  nozzle-to-case j o i n t ,  and a f t  
e x i t  cone, respec t i ve l y .  

SRM l o c a l  environment on-pad due t o  September h i s t o r i c a l  p r e d i c t i o n s  
suggested as much as a 2'F temperature suppression w h i l e  t h e  ET was 
loaded. A f t e r  assessing G E I  data, t he re  was no apparent evidence o f  
temperature depression due t o  ET coo l i ng  e f f e c t s .  

Ambient environment on-pad data were i n  good agreement w i t h  September 
h i s t o r i c a l  data except du r ing  the  e a r l y  morning hours o f  t he  f i n a l  day 
when ambient temperature f e l l  t o  70°F and remained a t  t h a t  l e v e l  through 
t h e  n i g h t  (Table 4.9-3). 

Launch commit c r i t e r i a  were no t  v i o l a t e d  (Table 4.9-4). The SRM f i e l d  
j o i n t  heaters performed adequately and as expected. 
c o n d i t i o n i n g  system performed adequately, bu t  no t  as expected. The 
c o n d i t i o n i n g  opera t ion  was n o t  i n  accordance w i t h  the  opera t iona l  
mai ntenance requirements s p e c i f i c a t i o n .  

G E I  da ta  were i n  r e l a t i v e l y  good agreement w i t h  on-pad thermal 
p r e d i c t i o n s  f o r  bo th  September h i s t o r i c a l  and pre-T-6 h r  r e a l  - t ime 
assessments (Tables 4.9-3 and 4.9-4, r e s p e c t i v e l y ) .  Figures 4.9.5 and 
4.9.6 show l o c a t i o n s  f o r  G E I  and j o i n t  heater sensors, r e s p e c t i v e l y .  

I n f r a r e d  temperature measurements ( I R  gun) were a v a i l a b l e  f o r  both 
L-24 h r  and T-3 h r  t i m e  f rames.  Measurements were as expected and 
comparable w i t h  G E I  data, when cons ider ing  the  accuracy associated w i t h  
present measurement techniques. Table 4.9-5 d e t a i l s  i n f r a r e d  on-pad 
temperature measurements versus ac tua l  G E I  and j o i n t  heater  sensor data.  

Figures 4.9.1 through 4.9.4 show l o c a t i o n s  

The SRB a f t  s k i r t  

4.9.3 Resul ts Discussion 

4.9.3.1 P o s t f l i q h t  Hardware Inspect ion.  Fo l low ing  the  recovery o f  t he  
STS-26 SRBs, a p o s t f l i g h t  i nspec t i on  o f  t he  ex terna l  hardware was conducted 
a t  t h e  SRB disassembly f a c i l i t y  (Hangar AF) .  The TPS performance was 
considered t o  be e x c e l l e n t  i n  a l l  areas, w i t h  ex terna l  heat ing  and recession 
e f f e c t  l e s s  than p red ic ted  (Table 4.9-6). P red ic t i ons  due t o  the  design 
t r a j e c t o r y  environments i n  Table 4.9-7 w i l l  be documented i n  the  SRB Thermal 
Design Data Book, SE-019-068-2H. The c o n d i t i o n  o f  both motors appeared t o  be 
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Table 4.9-3. September Historical On-Pad Temperature Predictions 
Versus Actual GEI/Joint Heater Sensor Data ( O F )  

SEC 

CornDonen t 

179 PAGE 

D a i l y  C v c l i n s  
- - H i s t o r  Actual  

T-6 Hr t o  T-5 Min 
H i  s t o r  Actual  

T-5 Min 
H i s t o r  Actual  

Ign i ter/Case J o i n t  
RH 
LH 

F i e l d  J o i n t  
RH Fwd 
LH Fwd 
RH Ctr 
LH Ctr 
RH A f t  
LH A f t  

Nozzle/Case J o i n t  
RH 
LH 

F1 ex Bearing* 
RH 
LH 

Case Acreage (deg) 
RH 45 

270 
266 ETA 
90 Tunnel 

LH 45** 
270 
274 ETA 
90 Tunnel 

Local  Environment 
Temperature. 
Wind Speed (K) 
W i nd D i  r e c t i  on*** 
Cloud Cover 

86-88 
86-88 

72-101 
73-98 
72-99 
73-97 
72-100 
73-95 

76-78 
76-78 

76-78 
76-78 

72-90 
75-94 
75-92 
75-83 
73-98 
75-93 
75-92 
75-83 

74-86 
9 
NE 

85-89 
83-87 

83-97 
83-90 
83 - 96 
83-88 
80 -86 
82-87 

75-82 
80-82 

82-83 
82-85 

78-90 
76-83 
80-83 
75-91 
66-82 
74-85 
82-85 
80 - 86 

74-86 
2- 18 
NE 
Broken 

86-87 
86 - 87 

97-112 
97-105 
97-112 
97-105 
97-112 
97-105 

88-95 
88-95 

81 -87 
81 -87 

72-88 
75-90 
92-97 
75-80 
73-88 
75-90 
90 - 98 
75-78 

74-84 
9 
NE 

83-86 
82-85 

94-107 
95-104 
96-111 
94-101 
94-105 
94-101 

82 - 90 
86-90 

88-91 
88-91 

74-88 
74-80 
79-82 
72-88 
62-82 
72-80 
77-82 
77-82 

70-84 
3-9 
NW-NE 
Sca t te red  

*Nozzle f l e x  bea r ing  a f t  end r i n g  
**Actual  readings were low due t o  bad sensor on a f t  segment 

***Predominant d i r e c t i o n  

87 
87 

97- 112 
98- 105 
97-112 
99-103 
98-112 
100-105 

94 
94 

87 
87 

88 
90 
97 
80 
88 
90 
98 
77 

84 
9 
NE 

86 
83 

96-107 

98-109 
98-100 
96-104 
98-101 

96 

83 - 90 
86-88 

90-91 
90-91 

83-88 
78-80 
82 
88 
67-82 
78-80 
83 
82 

83 
9 
NE 
Sca t te red  
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Table 4.9-4. Pre-T-6 H r  On-Pad Temperature P red ic t i ons  Versus 
Actual  GEI/Joint Heater Sensor Data ( O F )  

ComDonent 

I g n i  ter/Case J o i n t  
RH 
LH 

Fie1 d J o i n t  
RH Fwd 
LH Fwd 
RH C t r  
LH C t r  
RH A f t  
LH A f t  

Nozzl e/Case J o i n t  
RH 
LH 

F1 ex Bearing* 
RH 
LH 

Case Acreage (deg) 
RH 45 

270 
266 ETA 
90 Tunnel 

LH 45** 
270 
274 ETA 
90 Tunnel 

Local Environment 
Temperature 
Wind Speed (K) 
Wind Di rect ion***  
Cloud Cover 

T-6 H r  t o  T-5 Min 
Pre-T-6 Actual  

84-87 
82-85 

96- 106 
96- 102 
96-106 
96- 102 
96-102 
96-102 

88-94 
88-94 

88-94 
88-94 

78-87 
75-83 - -  
- -  
77-85 
75-83 
- -  
- -  

77-81 
9 
NE 

83-86 
82-85 

94-107 
95- 104 
96-111 
94-101 
94-105 
94-101 

82-90 
86 - 90 

88-91 
88-91 

74-88 
74-80 
79-82 
72-88 
62 -82 
72-80 
82-83 
77-82 

70-84 
2-18 
NE 
Scattered 

T-5 Min 
LCC Actual  

66-123 86 
66-123 83 

85-122 96-107 
85-122 96 
85- 122 98- 109 
85- 122 98- 100 
85-122 96-104 
85-122 98-101 

75-115 83-90 
75-115 86-88 

NA-115 90-91 
NA-115 90-91 

35-NA 83-88 
35-NA 78-80 
35-NA 82 
35-NA 88 
35-NA 67-82 
35-NA 78-80 
35-NA 83 
35-NA 82 

38-99 83 
24 9 
NE NE 

Scat tered 

* N o z z l e f l e x  bear ing a f t  end r i n g  
**Actual readings were low due t o  bad sensor on a f t  segment 

***Predominant d i r e c t i o n  
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Table 4.9-5. Infrared On-Pad Measurements Versus Actual 
GEI/Joint Heater Sensor Data at 1000 Hr on 28 Sep 1988 

ComDonent 

Field Joint 

LH Aft 

LH Ctr 

RH Aft 

RH Ctr 

Case Acreage 

LH Aft* 

LH Fwd** 

. RH Aft 

RH Fwd** 

Infrared 
Location 
(deql 

0 
90 
180 
270 

0 
90 
180 

0 
90 
180 
270 

0 
90 
180 

45 
270 
45 

45 
270 
45 

Temp 
("Fl 

81 
81 
80 
81 

80 
81 
79 

82 
84 
83 
81 

80 
90 
90 

81 
82 
75 

81 
81 
77 

Actual GEI 
Location 
0 

345 
45 
165 
255 

15 
135 
195 

15 
135 
195 
285 

15 
135 
195 

45 
270 
45 

45 
270 
45 

Temp 
0 

84 
84 
83 
85 

84 
85 
84 

81 
83 
83 
84 

83 
90 
83 

67 
75 
78 

80 
80 
86 

*Actual readings at 45 deg aft were low due to bad sensor. 
Actual readings at 270 deg have been up to 6'F low. 

**Infrared gun measurements taken at a steep angle have always 
read 1 ow and are quest i onabl e. 
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Table 4.9-6. SRM External Performance Summary (TPS Erosion), 
Left and Right Motors 

VOL 

Maximum Erosion (in.) 
ComDonent TPS Material Predicted Measured 
Field Joints Cork 0.003 None 
Factory Joints E PDM 0.014 Immeasurable* 

SEC 

Systems Tunnel Cork 
Stiffener Rings EPDM 

184 PAGE 

0.014 None 
0.009 Immeasurable* 

DFI, Cables Cork 0.036 Immeasurable* 
Si1 ica Phenolic 0.000 None 

Nozzle Exit Cone Cork 0.104 NA** 

*All evidences of erosion were apparent only on the inboard region 
of the aft segment, where flight-induced thermal environments are 
most severe. 

**Nozzle exit cones are not recovered. 
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Table 4.9-7. SRB F l i g h t - I n d u c e d  Thermal Environments 

SEC 

Ascent Heat i ng Document No. STS 84-0575, dated 24 May 1985 

185 PAGE 

Change N o t i c e  2, SE-6984, dated 30 Apr 87 

Data on computer tapes No. DN 4044 and DN 9068 

Change No t i ce  3, SE-698-D, dated 30 Oct 1987 
Tape No. DP 5309 

Base R e c i r c u l a t i o n  Document No. STS 84-0259, dated Oct 1984 
Heat ing  

Change No t i ce  1, SE-698-D, dated 30 Sep 1987 

SSME and SRB Plume Document No. STS 84-0259, dated Oct 1984 
Rad ia t i on  

Change N o t i c e  1, SE-698-D, dated 30 Sep 1987 

SSME Plume Impinge- Document No. STS 84-0259, dated Oct 1984 
ment A f t e r  SRB 
Separa t ion  Change N o t i c e  1, SE-698-D, dated 30 Sep 1987 

Reentry Heat ing  Document No. SE-0119-053-2H, Rev. D, dated Aug 1984, 
and Rev. E, dated 12 Nov 1985 
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s i m i l a r  t o  prev ious f l i g h t  motors, w i t h  most o f  t h e  heat e f f e c t s  seen on the  
a f t  segments on t h e  inboard s ide  o f  t h e  SRBs. 
reg ions f a c i n g  t h e  ET experience h igh  aerodynamic heat ing normal t o  p ro tu -  
berance components. They a l s o  rece ive  t h e  h ighest  plume r a d i a t i o n  and r e c i r -  
c u l a t i o n  heating, induced from t h e  adjacent SRB and SSMEs, t o  a f t  f a c i n g  sur-  
faces. There was s l i g h t  a b l a t i o n  i n  t h i s  area t o  t h e  TPS over t h e  f a c t o r y  
j o i n t s ,  t h e  s t i f f e n e r  r i n g s  and stubs, and D F I  runs. A concise summary o f  
hardware c o n d i t i o n  i s  shown i n  Table 4.9-1.  

The a f t  segment inboard 

a. F i e l d  J o i n t s  

1. F i e l d  J o i n t  Cork. A l l  o f  t h e  cork  on a l l  f i e l d  j o i n t s  was i n  place 
w i t h  no pieces o r  p a r t s  o f  p ieces missing. None o f  t h e  a b l a t i v e  
compound was missing. No debonds were found. 

The p a i n t  on t h e  a f t  surface of t h e  j o i n t  p r o t e c t i o n  system 
(JPS) thermal i n s u l a t i o n  showed sporadic p i t t i n g .  Th is  was apparent- 
l y  caused by debr is  on water impact, as t h e  adjacent area o f  t h e  
motor case contained s t reaks made by debr is  t r a v e l i n g  up t h e  case 
d u r i n g  impact. Also, t h e  a f t  j o i n t s  o f  both motors which are pro-  
t e c t e d  on splashdown by t h e  ETA r i n g  had no p i t t i n g  o f  t h e  p a i n t .  

The p a i n t  on t h e  f i e l d  j o i n t s  was s l i g h t l y  darkened and 
b l i s t e r e d .  The amount o f  b l i s t e r i n g  and darkening was g r e a t e r  i n  
some areas i n  others.  

A bubble containing water was found in the cork insulation at 
150 deg on t h e  r i g h t  motor center  f i e l d  j o i n t .  Th is  was removed and 
examined. The cork-to-case bondl ine was i n t a c t .  A small  v o i d  
apparent ly  developed i n  t h e  cork  dur ing  manufacturing and dur ing  
ascent. The a i r  i n  t h i s  vo id  expanded, generat ing t h e  bubble. 

2. F i e l d  J o i n t  Mois ture Seals. A l l  s i x  mois ture seals were opened and 
found t o  conta in  water. The 12 vent valves were hand removed and 
evaluated. F ive  were open and a s i x t h  one had been damaged by t h e  
water l a s e r  p r i o r  t o  hand removal, so i t  could n o t  be evaluated. 
vent valves appear t o  have permi t ted  t h e  water t o  en ter  t h e  j o i n t s .  

The s e a l i n g  surfaces on both edges o f  t h e  mois ture seal were 

The 

The forward f i e l d  JPS on t h e  r i g h t  motor was removed by hand. 
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inspected. The seals were still in place and properly bonded to the 
motor. In many areas the paint on the motor came up with the 
moisture seal as it was removed, providing evidence of a secure bond. 

Field Joint Heater and Sensors. The heater and sensor assemblies 
showed no signs of overheating, discoloration, or delamination. 

3. 

b. Factory Joints. The factory joints on each of the motors were in very 
good condition. The only signs of ablation experienced on the factory 
joints were located on the aft segments of each motor. There was only 
slight ablation or charring that occurred on the inboard regions of the 
aft segment factory joints. This occurred approximately between 220 and 
320 deg circumferentially on each motor. Again, this is a normal 
occurrence that has been observed consistently on previous fl ight motors. 

c. Systems Tunnel. The cork TPS adjacent to the systems tunnel floor plate 
was in excellent condition. 
and no measurable cork ablation. 

Stiffener Rinqs. 
dition with only slight thermal degradation. 
perienced in the 220- to 320-deg sector, with the ethylene propylene 
diene monomer (EPDM) on the outer flange showing signs o f  heat effect. 
This region was subjected to aeroheating along the outboard tip forward 
face, and the aft face experienced radiant heating. The K5NA TPS on the 
forward side of the stubs was also slightly charred in the same regions, 
with intermittent pitting around the entire circumference. The three 
stiffener rings on the right-hand SRB were fractured during water impact, 
typically at about the 160-deg location, but the TPS was in good 
condition. 

DFI and Cables. 
generally in good condition. There was very little heat effect observed, 
with only slight paint discoloration and blistering. 
runs had small areas of missing cap cork at intermittent regions. 
largest sections missing were sections of cap cork, full width (2.5 in.) 

There was very little paint discoloration 

d. The stiffener ring TPS was generally in very good con- 
The ablation was again ex- 

e. The cork TPS covering the DFI and cableways was 

Several DFI cable 
The 

187 
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left-hand motor a t  0, 20, 40, and 270 deg. The largest  sections on the 
right-hand motor were located a t  Station 930 a t  140, 150, and 190 deg. 
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This  was apparently the resul t  of poor bonding, as the adhesive 
appeared completely gone in these areas. Based on the shape of the cork 
fracture  edges and the lack of heat effect ,  i t  appeared t h a t  most of the 
cork was removed l a t e  i n  reentry or a t  water impact. 

f .  Nozzle (External). The external appearance of the nozzles was typical,  
as observed in other f l igh ts .  
Section 2.11 .2  

Internal nozzle assessment i s  found in 

4 . 9 . 3 . 2  DFI Thermal Sensor Assessments. The STS-26R f l i gh t  trajectory was a 
lofted t ra jectory as compared t o  the IVBC-3 design t ra jectory.  Consequently, 
the f l i gh t  aerodynamic heating and plume heating pulses would be lower t h a n  
the corresponding heat pulses for  the design trajectory.  
measured DFI thermal da ta ,  barring some unforeseen circumstances, would be 
lower than the analytically predicted da ta .  The predicted data are based on 
the resu l t s  of computer-aided thermal analysis using the thermal environments 
provided by MSFC (Table 4.9-7) .  

Therefore, the 

The DFI was installed on both the right and l e f t  SRM on the igni ter  
adapter, the forward and a f t  f ie ld  jo in ts ,  the nozzle fixed housing flange, 
the nozzle a f t  ex i t  cone aluminum supporting structure,  and the a f t  ex i t  cone 
near the ex i t  plane under the cork (Figures 4 .9 .1  through 4 .9 .4 ) .  Most of 
the instrumentation was installed t o  detect any possible leakage o f  combus- 
t ion gases through the igni ter  jo in t ,  the f i e ld  jo in ts ,  and the nozzle-to- 
case jo in t .  Furthermore, the DFI were t o  record the time of certain events, 
such as the severance of the a f t  ex i t  cone and the blowing away of the ther- 
mal curtain which protects the equipment in the base region. 
stated here t h a t  the predicted temperatures do n o t  consider the leakage of 
combustion gases. 

I t  may be 

Table 4.9-2  presents the l i s t  of DFI thermal gages, t he i r  locations, the 
maximum predicted temperatures, and the actual maximum temperatures recorded 
a t  the time of SRB separation and l a t e r  during reentry. Figures 4.9 .7  
through 4.9.32 detai l  actual DFI thermal his tor ies .  The following general 
comments are observations and concerns: 
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a. All the measured data showed oscillations around the mean values 
indicating that the DFI thermal gages were picking up stray signals from 
vibrations or a problem may exist in the data acquisition system. 

b. All of the measured data registered normal temperatures during the ascent 
of the STS, indicating that there was no leakage around the field joints 
or the nozzle-to-case joint. 

c. All the DFI thermal gages in the base region were protected from the 
external thermal environments by the thermal curtain and showed normal 
measured temperatures up to the flight time of about 290 to 295 sec. 
After this time frame their recorded temperatures suddenly rose, 
indicating that they had lost the protection of the thermal curtain. 
Therefore, it is surmised that the thermal curtain broke up and blew away 
at about 290 sec into flight. 

d. The DFI on the aft exit cone near the exit plane stopped recording data 
at about 385 sec after lift-off. This suggests that the aft exit cone 
was severed from the SRBs at about 385 sec into flight. 

e. Three DFI thermal gages on the nozzle fixed housing flange on the left 
SRM and one gage at the same location on the right SRM measured much 
higher temperatures than the predicted values. 
showed that three gages on the right SRM went off scale and apparently 
lost their recording capability following the breakup of the thermal 
curtain at 290 sec. 
problem. All these gages were bonded to massive chunks of steel and 
should have indicated normal steel temperatures, within the predicted 
values, as was done by gage B07T7613A on the left SRM. 

The measured data further 

This might be attributed to a thermal curtain debris 

However, the data from the four gages which exceeded the estimates 
are attributed to possible adhesive failure, causing gage detachment from 
the hardware. The 
high readings are explainable, assuming slight gage detachment, due to 
the direct exposure of these gages to the hot environment 
nozzle flame and aerodynamic heating) following thermal curtain breakup. 

No insulation was used to cover the gages on STS-26R. 

(reentry 
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will be confirmed with STS-27 and subsequent 

VOL 

flights, where the gages will be directly insulated from the environment 
with a minimal amount of K5NA, and should better follow hardware 
response. If not confirmed, SRB reentry environments and/or SRM aft end 
thermal modeling will need to be considered and appropriately modified. 

Apart from the anomalies explained previously in item e, it can 
reasonably be stated that the majority of the DFI thermal gages recorded 
temperature data well within the predicted data. 
(prediction versus actual measurements), it appears that the thermal 
environments presented in Table 4.9-7 are overly conservative. 

4.9.3.3 PMBT and Flex Bearina Predictions 

Temperature predictions ("F), performed at various times with respect to 
flight, are summarized as follows: 

Upon comparing the data 

Historical L-2 Days L-24 Hr Postfl iqht 
- 79 PMBT 78 80 

F1 ex Bearing Bulk 81 - -  83 TBD 
- -  

Postflight flex bearing bulk temperature predictions will be calculated 
pending acquisition of aft skirt conditioning data (actual GN2 temperature 
and set point histories). 

4.9.3.4 SRM Local Environment Predictions 

September historical flow/thermal predictions suggested a local induced 
environment due to ET cooling. 
temperature suppression with increased heat transfer while the ET was loaded. 

4.9.3.5 Ambient Environment Assessments 

Data correlations (September historical -versus-actual STS-26R data) suggest 
good agreement. 
of the final day when ambient temperature fell to 70'F and remained at that 
level through the night (Table 4.9-3 and Figure 4.9.85 in Section 4.9.3.6). 

4.9.3.6 GEI and Joint Heater Sensor Assessments. There were no LCC 
violations or new sensor anomalies during T-6 hr to T-5 min (Table 4.9-4). 

The prediction was as much as a 2'F 

The only major deviation was during the early morning hours 

SEC 
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Figures 4.9.33 through 4.9.62 present September historical predictions. 

Figures 4.9.63 through 4.9.97 present actual STS-26R countdown 
These predictions are based upon event sequencing as specified in 
Table 4.9-8. 
data. 

SEC 

Data correlations, predictions versus actual, suggest re1 atively good 
agreement (Tables 4.9-3 and 4.9-4). 
(environment and detail) need to be looked at closely. 
check these and incorporate updates as solutions are found. 
observations and modeling considerations are discussed as follows. 

However, modeling considerations 
Future modeling will 

Significant 

21 7 PAGE 

Iqniter/Case Joint 

The igniter GEI remained consistently above average ambient temperature. 
This is due to the storage of heat in the forward end of the motor during the 
summer to fall/winter cooling trend. The opposite effect, to a limited 
extent, should be evident during the winter-to-spring/summer warming trend. 

Data correlations suggest good agreement between historical predictions 
and actual GEI response, except that the right SRM response was consistently 
above that of the left SRM. 
greater amount of stored heat than the predicted environments allow. 

If GEI data are accurate, this would suggest a 

Field Joint and Heaters 

Joint heater operation was satisfactory and as expected. However, there still 
seems to be a minor problem with maintaining the lower set point range. 
Actual data during LCC heater operation reached as low as 94'F, while the 
accepted set point range was 98 k2"F. 

During countdown it was learned that joint heater activation time had 
been changed. Operations and maintenance requirements and specification 
document (OMRSD) guidelines now require that the heaters be activated at 
L-24 hr in place of the previous requirement of T-24 hr. 

Data correlations suggest that actual daily cycling amplitude of the 
sensors during nonheater operation is considerably less than predicted. 
detailed modeling of this region will be considered for subsequent flights. 

More 
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Table 4.9-8. Analytical Time Frames For Estimating Event 
Sequencing of September Historical Joint Heater and 

GEI Sensor Predictions 

SEC 

Time (hrl 

248 PAGE 

Countdown Events in Anal vsi s 

0 Midnight KSC EDT (28 Sep 1988) 

30 Joint heater operation begins at 0600 hr KSC EDT 
(28 Sep 1988) (T-24 hr t 4 hr for holds) 

Aft skirt conditioning operation begins at 1900 hr KSC 
EDT (28 Sep 1988) (T-12 hr t 3 hr for holds) 

Induced environments due to ET refrigeration effect begins 
at midnight (29 Sep 1988) (T-6 hr t 4 hr for ET loading 
and holds) 

Note: Induced environments not available for these 

43 

48 

predictions; figures will be updated when they are 
ava i 1 ab1 e. 

58 

61 

Note: 

Time of launch (0959 hr, 29 Sep 1988) 

Up to a 1300 hr launch 29 Sep 1988 (allowing for a 3-hr 
del ay) 

Figures 2.8.2-35 through 2.8.2-64 consist of a 2-day t 13-hr 
scenari 0 .  
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Aft End Reqion and Conditioning 

The aft skirt conditioning operation was satisfactory, but not as expected. 
Operation in accordance with OMRSD requirements was not followed. It seems 
that the required operation will only be followed when there is an apparent 
need. This assessment will need to be confirmed. 

Data correlations at this time are limited due to the absence of GN2 
temperature and set point histories. 
aft end ring, with respect to the nozzle/case joint, is attributed to the 
storage of heat in the aft end of the motor during the summer-to-fall/winter 
cooling trend. 
during the wi nter-to-spring/summer warming trend. 

Case Acreaqe 

Case GEI responded to the ambient conditions as expected. 
apparent evidence of temperature depression due to ET cooling effects. 

Higher GEI response on the flex bearing 

The opposite effect, to a limited extent, should be evident 

There was no 

When considering thermal modeling, data correlations suggest that the 
historical predictions for the inboard quadrant of both SRMs around 270 deg 
and the left SRM forward center 45-deg location were higher than actual GEI 
response. The difference is attributed to inconsistencies (orientation and 
accuracy) of radiation interchange effects and solar heating, respectively. 

Sensor Anomal ies 

Thermal instrumentation problems have been identified. These problems are: 
1) a nonfunctional sensor on the right SRM tunnel bondline (B06T8020A), 2) an 
incorrect sensor reading on the left SRM aft segment at the 45-deg location 
(B06T7035A consistently reading 1O'F low), 3) improper heater sensor strip 
placement on the left SRM aft field joint, and 4) improper connection of 
heater sensors on the right SRM center field joint. 

Also, the left center field joint sensor at the 195-deg location 
(B06T7066A) had been reading up to 5'F higher than other sensors at the time 
of pad validation. 
the aborted flight readiness firing (FRF) this value appeared to be within 

During the wet countdown demonstration test (WCDDT) and 

SEC 

the expected range (similar to that o f  other 
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A t  t he  t ime o f  t he  successful  FRF, t h i s  sensor was reading 4'F lower  than the  
o the r  sensors on t h e  same j o i n t  and i t  was always the  c o n t r o l l i n g  sensor. 
Dur ing t h e  te rmina l  countdown demonstration t e s t  (TCDDT) t h i s  sensor was 
reading 1O'F warmer than the  o ther  sensors. 
problem w i t h  t h i s  sensor du r ing  the  f i n a l  STS-26R countdown. E i t h e r  the  
problem had been f i x e d  as recommended a f t e r  t he  TCDDT o r  by coincidence i t  
was once again w i t h i n  the  expected range. 

However, t he re  was no apparent 

The placement o f  t he  j o i n t  heater  sensors on the  l e f t  a f t  f i e l d  j o i n t  
was improper ly  performed. 
fo l l ows  f o r  each sensor: 

The actual  and c o r r e c t  l o c a t i o n s  are l i s t e d  as 

Correct  Locat ion Actual  Locat ion 
Sensor (deq 1 (deq) 
B06T7068A 15 45 
B06T7069A 135 165 
B06T7070A 195 255 
B06T7071A 285 345 

Two concerns were a r e s u l t  o f  t h i s  i n c o r r e c t  placement. F i r s t ,  t he  
sensor which was t o  be l oca ted  a t  t he  135-deg l o c a t i o n  was supposed t o  
measure t h e  lower  temperature which would occur a t  t he  heater  gap/pressure 
p o r t  cu tou t .  Th is  was determined as a nonproblem because t h e  LCC r e d l i n e  
temperature assumes a poss ib le  f a i l u r e  a t  t h a t  l o c a t i o n .  
f u r t h e r  adjustment was necessary. Second, i t  was necessary t o  have a sensor 
between t h e  ET and SRB (285-deg l o c a t i o n )  t o  be able to take into account the  

l o c a l  ET c o o l i n g  e f f e c t s .  However, another sensor was a v a i l a b l e  a t  t h e  255- 
deg loca t i on ,  which i s  a l so  an acceptable l o c a t i o n  f o r  measuring ET c o o l i n g  
e f f e c t s .  No i n t e r v e n t i o n  was needed t o  modify t h i s  s i t u a t i o n  w i t h  regard t o  
heater  c o n t r o l  se t  p o i n t s  and r e d l i n e  values. 

Therefore, no 

The sensors on the  r igh t -hand center  f i e l d  j o i n t  d i d  n o t  respond as 
expected t o  the  e a r l y  morning s o l a r  r a d i a t i o n .  
285 deg, which was shaded from s o l a r  rad ia t i on ,  responded t o  s o l a r  r a d i a t i o n  
as would be expected o f  t he  sensor a t  135 deg. 
j i f f y  connections a t  t he  tunnel  were improper ly  mated. 

The sensor l oca ted  a t  

It was be l ieved t h a t  t he  
However, i t  was 

1 
I 
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possible that the gage identification numbers were mixed up. 
estimation of actual locations are listed as follows for each sensor on the 

The best 

right center 

Because 
intervention 

joint: 

Sensor (deq) (des) 
B06T8064A 15 15 
B06T8065A 135 285 
B06T8066A 195 195 
B06T8067A 285 135 

the sensor strips were properly installed, there is no required 
as temperatures at the correct locations are being recorded 

Correct Location Actual Location 

(there is only confusion as to which is which). 

4.9.3.7 Infrared Measurement Assessments. Thermal support was provided to 
the KSC ice/debris team during the STS-26R launch countdown activities. A 
pad prelaunch walkdown was completed the day prior to the launch to assess 
any debris or temperature concerns. 
during the walkdown showed case acreage temperatures between 75' and 85"F, 
with field joint temperatures recorded between 80' and 90°F. 
temperatures were measured on the aft region of the right-hand SRB between 
angular locations of 90 and 180 deg, as this area was receiving direct solar 
radiation while other areas were shaded. 

Infrared (IR gun) measurements taken 

The higher 

Table 4.9-5 gives a comparison o f  IR measurements and GEI readings at 
1000 hr the'day before launch, near the time of joint heater activation. 
should be noted that the angular locations of field joint sensors do not 
correspond with those of IR measurements. 
ambient is slower than for IR measured locations adjacent to the JPS. 
these given differences, along with the inherent built-in measurement errors, 
the temperatures seem reasonably close. 

I t  

Sensor response to a change in 
With 

IR data taken for the T-3 hr launch report showed temperatures between 

No comparison i s  given for the T-3 hr IR measurements as no specific 
71' and 75'F on the left-hand SRB and between 72' and 75'F on the right-hand 
SRB. 
locations were identified; only ranges were provided. 
temperature of SRB field joints was reported to be at an average of 82°F. 

The surface 

REVISION - 
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This  i s  a b e l i e v a b l e  temperature, r e a l i z i n g  t h a t  a g rad ien t  e x i s t s  between 
t h e  sensor l o c a t i o n s  and t h e  measured l o c a t i o n s .  

VOL 

4.9.4 Concl u s i  ons and Recommendations 
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207 
PAGE 

Based on t h e  qu ick- look  ex terna l  inspect ion,  t h e  SRM TPS performed adequately 
on STS-26R. 
caps cover ing t h e  inst rumentat ion cables. 

The o n l y  concern was t h e  miss ing reg ions o f  TPS from t h e  cork  

Th is  problem could be a l l e v i a t e d  by one o f  two avenues. The f i r s t  would 
be t o  ensure b e t t e r  cork  bonds by r e q u i r i n g  t h a t  adhesive be app l ied  t o  both 
adherents. 
bonds. 
r e l y  on t h e  K5NA f i l l e r  t o  i n s u l a t e  t h e  inst rumentat ion cables. 

Th is  should a lso  inc lude t h e  use o f  a vacuum bag cure on a l l  
The second a l t e r n a t i v e  would be t o  remove t h e  cork  cap completely and 

These cables have a temperature l i m i t  o f  500'F. Based on design 
t r a j e c t o r y  (IVBC-3) aerodynamic and plume heating, a thermal ana lys is  was 
conducted t o  determine t h e  K5NA thickness requ i red  t o  keep t h e  temperature o f  

t h e  ins t rumenta t ion  cables below 500'F. It should be mentioned t h a t  STS-26R 
f l e w  a l o f t e d  t r a j e c t o r y  which would present lower heat ing  environments than 
t h e  design t r a j e c t o r y .  

The r e s u l t s  o f  t h e  ana lys is  i n d i c a t e d  t h a t  i t  would be f e a s i b l e  t o  
remove t h e  cork  cap over t h e  cables and mainta in  a cable j a c k e t  temperature 
below 5OO0F, provided t h e  minimum thickness o f  K5NA over t h e  cable j a c k e t  i s  
0.1 in.  f o r % h e  forward and center  segments, and 0.15 i n .  f o r  t h e  a f t  
segment. 

I t  should a l s o  be mentioned t h a t  from a thermal perspect ive,  t h e  s ide  
s t r i p s  o f  cork  are unnecessary along these runs o f  cable.  
on bo th  s ides o f  t h e  cables would s u f f i c e .  However, removing t h e  s i d e  s t r i p s  
would p o s s i b l y  c rea te  o ther  problems from a s t r u c t u r a l  and i n s t a l l a t i o n  p o i n t  
o f  view. 

One i n c h  o f  K5NA 

D F I  Measurement Problem 

The D F I  thermal nozzle-to-case j o i n t  data, which exceeded t h e  design 
estimates, are a t t r i b u t e d  t o  poss ib le  adhesive f a i l u r e ,  causing gage 
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detachment from the hardware. No insulation was used to cover these gages on 
STS-26R. The high readings are explainable, assuming slight gage detachment, 
due to the direct exposure of these gages to the hot environment (reentry 
nozzle flame and aerodynamic heating) following thermal curtain breakup. 

This assessment will be confirmed with data from STS-27 and subsequent 
developmental flight sets, where the gages will be directly insulated from 
the environment with a minimal amount of K5NA, and should better follow 
hardware response. 
end thermal modeling will need to be considered and appropriately modified. 

If not confirmed, SRB reentry environments and/or SRM aft 

GEI Prediction Problem 

Data correlations, predictions versus actual, suggest relatively good 
agreement. 
be looked at closely. 
suggested modeling improvements discussed in the results section and 
i ncorporate updates as sol uti ons are found. 

However, modeling considerations (environment and detail) should 
Future modeling should check the observations and 

Field Joint Heater Sensor Placement Problem 

It is recommended that sensor strip installation and jiffy connection 
procedures be reviewed and possibly changed to avoid the reoccurrence of 
these situations. This action should be taken before the STS-27 flight. 

Aft Skirt Conditioninq Problem 

In the aft skirt region, a possible error range in instrumentation of 
k1 percent suggests a potential o f  up to an 8'F disparity between gages. 

This creates problems in ascertaining circumferential temperature differences 
between gages. Actual flow model verification can not be made without proper 
instrumentation on the hardware (SRM, aft skirt, and thermal curtain) and 
adjacent to the hardware in the gas stream and at the orifice. 
doubtful that data correlations and flow modeling of the benign STS-26R 
situation will be of any value, based on the above observations and concerns. 
It is essentially impossible for any practical extrapolation to be made o f  a 
worst-case cold environment. 

It is 
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It is recommended that the on-pad system be tested in a worst-case, 
on-pad cold environment prior to a cold weather launch. This will qualify aft 
region components to on-pad specification requirements. 

If the actual on-pad system cannot be tested, a suitable alternative 
should be found. 
mented mockup and/or QM-8 testing. 
cold environment should include simulated convective cooling on the aft 
skirt and exit cone because of wind effects. Aft skirt and conditioning 
system hardware should be as close to flight configuration as possible. 

This could possibly be accomplished with a fully instru- 
Testing of the conditioning system in a 

GEI Accuracv Problem 

It i s  recommended that the GEI data collection accuracy be increased by 
reducing the gage range and increasing the digital word length. 

Infrared Measurement Problem 

It i s  recommended that future field joint measurements be taken at locations 
corresponding to joint heater sensor angular locations so that better 
correlations can be made. Also, it is recommended that measurements be taken 
prior to joint heater activation. 

Real -Time Data Acauisition Problem 

It is recommended that aft skirt conditioning system data (GN2 temperature 
and pressure) be built into and be accessible from the HOSC data network 
system. These data are necessary for aft end data correlations and 
postflight flex bearing predictions. 

It is also recommended that near real-time on-pad GEI and environmental 
data be available to Morton Thiokol after pad validation. 
collected hourly, need to be transmitted electronically at weekly intervals 
until two weeks prior to scheduled launch dates. 
launch, daily transmittals are necessary. These data are necessary to help 
meet the requirement o f  PMBT updateq prior to launch and to aid in predicting 
the local SRM environment by building a variable conditions data base. 

These data, 

From this point until 
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4.9.5 Thermal Prediction Methodoloqv 

Methodology will be presented for PMBT, GEI, and component predictions due to 
on-pad natural and induced environments. A1 so, methodology will be presented 
for DFI and component predictions, including TPS recession, due to flight- 
induced environments. 

F1 iqht-Induced DFI and ComDonent Predictions 

Component design analyses due to current flight-induced thermal loads were 
performed during the redesign effort and will be documented in the SRB 
Thermal Design Data Book, SE-019-068-2H. Estimates for DFI locations were 
inferred from these analyses and summarized. 

The current design loads were developed for a conservative trajectory 
which is not included in presently planned flight trajectories. 
thermal loads data were not available for the trajectory of STS-26R, there 
will be no direct correlation possible with actual DFI data. 

Since 

Actual DFI data were used to determine if design predictions were 
exceeded. 
to be readdressed to identify problem areas and to update and/or modify 
analytical model s . 
On-Pad PMBT and Flex Bearinq Predictions 

PMBT and flex bearing predictions were performed using on-pad environmental 
and GEI measurements. However, these data were limited due to availability 
and access problems. 

If they were exceeded, the design analyses and environments were 

From these data, boundary conditions were derived for a coarse three- 
dimensional (3-D) global thermal model in predicting PMBT and for a two- 
dimensional (2-D) axisymmetric model of the aft end in predicting flex 
bearing temperatures. 

Two possible methods were considered in making the predictions. 
first involved using the environmental data (convecting to the ambient and 
adding solar heating where appropriate). The predicted surface temperatures 
from this method could then be compared to the case acreage GEI in an attempt 

The 
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to perfect modeling techniques. The second method was to apply the GEI data 
directly to the model as imposed surface temperatures. However, the first 
method was the only one performed due to limited data. 

VOL 

On-Pad GEI and Component Predictions 

SEC 

Four methods were considered. Three of the four are concerned with 
predicting boundary conditions using September historical data. 
these three were applied to a coarse 3-D SINDA global thermal model of the 
SRM for predicting case acreage GEI and joint heater sensor response. 
For other regions such as the systems tunnel and the aft end components, 2-D 
axisymmetric and planar models were used. The fourth was an estimation based 
upon near real-time GEI and environmental data, and this method was used to 
supplement and update the results of the other three during HOSC support. 
The four methods are detailed as follows: 

Results from 

29 1 
PAGE 

a. Historical Ambient Correlations - Natural Environments. This method is 
used to predict historical average monthly boundary conditions for the 
month of September based upon solar heating, predominant wind speeds, and 
ambient temperature cycling. 

Monthly averaged heat transfer coefficients were calculated using 
the NASA large cylinder correlation for every hour of the day. 
heating input was calculated using the methods described in standard 
solar heating texts for a single, monthly averaged daily insolation 
profile to represent all days of the month. Shading aspects were also 
considered through experimental use o f  a model representing the STS on 
the MLP with service structures. This model was mounted on a heliodon, 
and shading factors were visually estimated. 

Solar 

b. 3-D Flow/Thermal Model inq - Natural/Induced Environments. This method is 
used to predict boundary conditions due to the ET cooling effect (local 
air temperatures and heat transfer coefficients) during final countdown 
while the ET was loaded. The geometry used consisted of the STS on the 
MLP, the orbiter support structure, the concrete hardstand, and the flame 
trenches. It can be used for modeling winds originating from 
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the north, northeast, east, southeast, and south. Historically, 
September-October winds are predominantly from the northeast, and this 
was considered for STS-26R. 

VOL 

e. ExDerimental With Near Real-Time Data - Natural and Induced. This method 
is used to experimentally predict local heat transfer coefficients at GEI 
locations during preflight activities, and at IR locations during post- 
flight activities. This task has not been accomplished at this time, but 
will be considered in future correlations in an attempt to data base heat 
transfer coefficients for a given wind direction, wind speed, and ambient 
temperature. The task consists of the following: 

SEC 

1. 

292 PAGE 

2. 

Local heat transfer coefficients will be calculated by measuring the 
change in skin and ambient air temperature over a period of time. 
This will be correlated to the average weather conditions existing 
over this time period (wind speed, wind direction, and ambient air 
temperature). 
internal bore temperature. Response due to solar heat flux to the 
surface will be taken into consideration. A calculated solar 
component will be removed from the measured value. 

It would also be advantageous to correlate it with the 

For future efforts after development flights, a data base of overall 
local heat transfer coefficients could be generated for a spectrum of 
wind speeds, wind directions, and ambient air temperatures. Heat 
transfer models will access and extrapolate from this data base. 
These coefficients will also take into account the complex a i r  flow 
pattern around the motors, the specific locations on the motors, 
radiation interchange with the surrounding surfaces, and radiation to 
the sky. 

d. Estimates from Near Real-Time and Projected Weather Data . This method 
is used to estimate GEI response at the time of launch by interpreting 
previously collected (prior week) GEI and environmental data and 
projecting with day-of-1 aunch weather predictions. 

This determination was based upon having a near real-time update 
available prior to HOSC support. T h i s  update was at two intervals: 
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a week's da ta  be fore  l eav ing  Morton Thiokol  f o r  t h e  HOSC, and then a data 
supplement w i t h  1-36 t o  T-6 h r  da ta  a t  t he  HOSC. 
p rev ious l y  discussed methods and p ro jec ted  weather da ta  were taken i n t o  
cons idera t ion .  
p red ic t i ons .  

Resul ts  from t h e  

Th is  e f f o r t  prov ided the  f i n a l  1 -6  h r  t o  T-5 min 

W c N O .  TWR-17272 

4.10 MEASUREMENT SYSTEM PERFORMANCE (DFI )  

VOL 

This  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2.9.6. 

A t o t a l  o f  310 SRM D F I  measurements were on the  360L001 motors. O f  t he  
t o t a l  SRM D F I  measurements, 264 (80 percent)  performed p roper l y  throughout 
t h e i r  respec t i ve  miss ion phases. Those gages t h a t  were i nopera t i ve  before 
f l i g h t ,  those t h a t  f a i l e d  du r ing  f l i g h t ,  and those t h a t  produced quest ionable 
readings are  l i s t e d  i n  Table 4.10.1. 

SEC 

4.11 MEASUREMENT SYSTEM PERFORMANCE ( G E I )  

Th i s  sec t i on  corresponds t o  FEWG r e p o r t  Sect ion 2.9.8. 

293 PAGE 

A t o t a l  o f  33 G E I  measurements were on the  STS-26 RSRMs. Sensor 
B06T8020A, l oca ted  a t  90 deg a t  S t a t i o n  1258.98 on t h e  r i gh t -hand  SRM became 
inopera t i ve  du r ing  s tack ing.  
acreage sensor l oca ted  a t  45 deg a t  S t a t i o n  1751.5 on the  l e f t - h a n d  SRM, 
c o n s i s t e n t l y  read 1O'F below ambient. Due t o  the  constant  low reading o f  
t h i s  sensor, i t  was f e l t  t h a t  r e l i a b l e  thermal da ta  cou ld  be obta ined by 
s h i f t i n g  t h e  reading 1O'F h igher .  Therefore, o f  t he  t o t a l  G E I  measurements, 
32 (97 percent)  performed p roper l y  throughout t h e i r  respec t i ve  miss ion 
phases. 

Sensor number B06T7035A, which i s  a case 

Table 4.11.1 prov ides a G E I  l i s t .  

4.12 SRM HARDWARE ASSESSMENT 

Th is  s e c t i o n  corresponds t o  FEWG r e p o r t  Sect ion 2.11.2. 

4.12.1 I n s u l a t i o n  Performance 

4.12.1.1 Summarv and Conclusions. The e n t i r e  i n s u l a t i o n  system o f  f l i g h t  
motors 360L001A and 360L001B performed i n  an e x c e l l e n t  manner. I n s u l a t i o n  
Design Engineer ing performed a p o s t f l i g h t  eva lua t ion  o f  a l l  case f i e l d  
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joints, nozzle-to-case joints, the igniter-to-case joints, internal acreage 
insulation, and external factory joint weather seals. Complete detailed 
results and final insulation evaluation is found in Volume I 1 1  of this 
report. 

4.12.1.2 Field Joints. 
the six field joints. 
circumference at each joint. Soot deposits extending down the bondline into 
the start of the radius were noted on both forward field joints. 
may have been from chamber gas leakage into the joint bondline; however, the 
soot was readily removable with solvent. 
to be related to the postflight phenomena that generates the nitrile 
butadiene rubber (NBR) inhibitor stub radial tears. This phenomena is 
discussed further in Volume 111, Section 6.1.10. 

No anomalous conditions were identified in any of 
J-leg tip contact was evident over the full 

This soot 

This sooting occurrence is believed 

VOL 

Axial growth of clevis edge separations occurred in five of the six 
segments. The maximum axial growth identified during preliminary evaluation 
was 0.20 inch. This growth may indicate a cohesive failure of the NBR, or 
adhesive failure of the insulation-to-case bondline. Initial evaluation 
indicates adhesive failure. 

4.12.1.3 Nozzle-to-Case Joints. Based on visual evaluation, both nozzle-to- 
case joints performed exceptionally well. No gas paths through the 
polysulfide adhesive or any other anomalies were identified. The polysulfide 
adhesive had numerous small voids (4 on 360L001A and 20 on 360LOOlB) around 
the circumference. All o f  the observed voids were l e s s  than 1 . 0 3  in. axially 
and 0.34 in. circumferentially in size. These voids are typical of RSRM 
nozzle-to-case joint polysulfide adhesive voids seen in the past, and none of 
the voids were as large as those previously observed on other static test 
motors. 

4.12.1.4 Internal Acreaqe 

Factory Joints 

Evaluation of the internal factory joint insulation identified no anomalies. 
No evidence of gas paths through the insulation or severe erosion was 
identified. The depth of the remaining insulation over each factory joint 
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was measured using a "Fletcher" needle depth gage. Preliminary measurements 
show that all factory joints met the minimum required safety factory of 2.0. 
Based on these measurements, a minimum of three virgin insulation plies 
remained over each factory joint. 

Internal Svstem (Inhibitors, FlaDs. and Acreaae Insulation). 

Numerous radial tears (17 on 360L001A and 11 on 360L001B greater than 3 in. 
radially) were noted in the forward center segment NBR inhibitor stubs. 
of the tears extended radially outward to approximately 5 in. inboard from 
the clevis inside diameter (ID). The edges of the tears appeared rough and 
matched when placed back together, demonstrating no material loss or erosion, 
and indicating the tears occurred after motor burn. Tears were also noted in 
the 360L001A aft center segment inhibitor stub. The radial extent and amount 
of all tears identified in the inhibitor stubs are within the range of tears 
noted on past flight motors. 

Some 

The stress relief flap including the castable inhibitor slot was present 
for the full circumference with no significant erosion on either forward 
segment. The castable inhibitor was completely missing full circumference 
including the material normally present in the castable inhibitor slot. 
Numerous axial tears (46 in 360L001A and 75 on 360L001B) were identified on 
the remaining flap. 
placed together demonstrating no material loss or erosion; this also 
indicated that the tears occurred after motor burn. 
has not been documented on any previous f l i g h t  motors. 

The edges of the tears appeared rough, and matched when 

This condition, however, 

4.12.1.5 External Insulation. The stiffener ring and stub insulation, 
factory joint insulation (weatherseal), and exterior motor case appeared to 
be in good condition. A small area (approximately 1 by 3 in.) of missing 
EPDM insulation was noted on 360L001A aft center factory joint weatherseal at 
approximately 190 deg. 
material indicates that the weatherseal was probably hit by nozzle debris at 
severance or splashdown. 
any of the factory joints was identified. During the hydrolase process for 
TPS removal, a gouge was accidentally cut through the insulation weatherseal 
in the 360L001A aft dome factory joint. 

An axial streak mark on the case aft of the mission 

No evidence of moisture under the weatherseal on 
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4.12.2 Case ComDonent Performance 

4.12.2.1 Summarv. From the steel case standpoint, the hardware performed as 
expected during flight. All case joints, including the newly redesigned 
field joints and nozzle-to-case joints, provided a good seal with no 
indications of hot gas leakage. Only during splashdown, and possibly during 
disassembly did any structural damage occur. These effects are discussed in 
further detail by component. 

4.12.2.2 InsDection Results 

Riqht-Hand Booster Stiffener Damaqe 

The damage most apparent on this booster was on the stiffener ring, caused by 
splashdown. Video footage showed that this booster hit the calm ocean water 
at a slight angle, and immediately lay down on top of the water without ever 
submerging completely. Foam on aft sides of the stiffener and ETA rings was 
missing in an arc that ranged from 120 deg to around 180 deg. 
noted in the stiffener webs during the initial walk-around inspection. 
stiffener ring removal the following characteristics were identified: 

Cracks were 
After 

Forward Stiffener: 
130 deg and 178 to 198 deg. The web was cracked radially to the flange 
at 160 deg and then extended 5 in. circumferentially along the web near 
the flange. 
crack. No 

case stub damage was noted except for some possible raised metal in some 
o f  the boltholes. 
broken or missing. 

ring web buckling occurred in the area of 120 to 

Raised metal was noted in the attach boltholes near the 
The raised area was radially inward and toward the crack. 

In the region between web buckles, 38 bolts were 

Center Stiffener: 
web was cracked radially at 158 deg and extended 7.5 in. circumferen- 
tially near the flange. 
The case stub had two adjacent boltholes with outboard cracks at 186 and 
188 deg. 
buck1 es. 

ring web buckling occurred at 140 and 176 deg. The 

Raised metal occurred as in the forward ring. 

Thirty attach bolts were broken or missing between ring web 

Aft Stiffener: 
was cracked radially at 160 deg and extended 7.5 in. circumferentially 

ring web buckling occurred at 145 and 183 deg. The web 
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near the flange. 
inboard direction, and in a circumferential direction about 1 in. in 
length. Raised metal occurred as in the forward ring. The case stub had 
a bolthole with an outboard crack at 142 deg. 
broken or missing between ring web buckles. 

The ring bolthole at 144 deg was also cracked in an 

Twenty attach bolts were 

SEC 

Left -Hand Booster Stiffeners 

30 1 
PAGE 

This booster hit the water in a near vertical position, completely submerged, 
bobbed up, and lay over on its side. Although cavity collapse potential was 
extremely high with this type of entry, no damage was found on either the 
rings or stubs. There was foam missing from about 120 to 180 deg on all the 
stiffener and ET rings. 

Field Joint Interference Surface Damaqe 

Axially-oriented gouges were found on the clevis inner leg ID (capture 
feature O-ring sealing surface) on two field joints of each motor. 
joints affected were left-hand center, left-hand aft, right-hand center, and 
right-hand forward. 
joint. 

The 

By far the worst affected was the left-hand center 
The number of gouges for each joint are as follows: 

--Left-hand center - 99 (90 in a 90-deg arc) 
--Left-hand aft - 2 
--Right-hand center - 21 
--Right-hand forward - 21 

The length of the gouges was the same for all: 
They extended from the ID chamfer back towards the  i n s u l a t i o n ,  ending i n  
somewhat o f  a pit. The pits were up to 4 or 5 m i l  deep. The scratches were 
about 1 mil deep. 

approximately 0.375 inch. 

There are spots on the face of the interference surface of the capture 
feature which seem to correspond in circumferential location to many of the 
clevis gouges. Most of these spots seem to be raised, as if something is 
deposited there. 
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It is difficult to determine when these gouges occurred, possibly at the 
disassembly operation. 
ruled out as contributors to this damage. 

But assembly, flight, and transporting have not been 

Paint Blisterins and Corrosion 

During the initial wal k-around inspection of the boosters, paint blistering 
or debonds were evident just fore and aft of the unstiffened forward stubs of 
both motors. They seemed to be lightly heat affected. 
surfaces were suspected of inadequate preparation. Surface corrosion had set 
in immediately. 

But the painted 

The outer clevis leg outside diameter (OD) surfaces of the field joints 
also exhibited extensive paint debonding and subsequent surface corrosion. 
The center field joint of the left-hand booster was left devoid of almost all 
paint on the referred surface. 

The nozzl e-to-case joints of both boosters appeared in excel 1 ent 
condition with only a minimum of very light surface corrosion on nonsealing 
surfaces. 

4.12.3 Seals Performance 

4.12.3.1 Summary. Postflight inspection of both motors showed the seals 
component to be in excellent condition. 
the J-leg on the six field joints or past the polysulfide adhesive on the two 
nozzle-to-case joints. 
primary seals.  
as it is questionable weather hot gas ever reached these seals. Inspection 
of all O-rings and gasket seals revealed no damage. 

There was no hot gas or soot past 

The igniter joints had no hot gas or soot past the 
There was no soot to the nozzle aft exit cone primary seals, 

4.12.3.2 Results 

Iqni ter 

The igniter joints had no hot gas or soot past the primary seals. 
inspection o f  the O-rings and Gask-O-Seal' seals revealed no damage. 

The 
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F i e l d  J o i n t s  

303 
PAGE 

There was l i g h t  t o  heavy co r ros ion  on most o f  t he  j o i n t s ;  however, t he re  was 
none on the  sea l i ng  surfaces. The cor ros ion  was t y p i c a l  o f  what was seen on 
t h e  pre-51-L motors. 
a l l  leaked water i n t o  the  j o i n t s .  
l i t t l e  l i g h t ,  b u t  o v e r a l l  t h e  grease was nominal. I n  some o f  t h e  corroded 
areas o f  t he  j o i n t  i t  was ev ident  t h a t  t he  grease had n o t  been rubbed i n t o  
the  metal thoroughly.  
personnel be more cons is ten t  i n  apply ing the  grease t o  t h e  j o i n t s .  

The vent va lve  p lugs ( i n  t h e  f i e l d  j o i n t  weather seals)  
I n  some areas t h e  grease a p p l i c a t i o n  was a 

It i s  recommended t h a t  t h e  KSC grease a p p l i c a t i o n  

Nozzl e-to-Case J o i n t  

The r a d i a l  b o l t h o l e  p lugs were used i n  t h e  nozzle-to-case disassembly t o  
prevent  damage t o  t h e  wiper O-r ing.  There was no O- r ing  damage; however, 
49 plugs on t h e  r i g h t  motor were damaged, ranging from s l i g h t  p lug  edge 
w r i n k l i n g  t o  t h e  e n t i r e  p lug  head being sheared o f f .  
m a j o r i t y  o f  these p lugs were i n s t a l l e d  i n c o r r e c t l y .  
nozz le- to-case j o i n t  was disassembled, no p lugs were damaged. 

It appeared t h a t  the  
When the  l e f t  motor 

A f t  E x i t  Cone 

There was no evidence o f  h o t  gas o r  soot past  t he  pr imary seals  on e i t h e r  a f t  
e x i t  cone j o i n t ,  as i t  i s  quest ionable whether ho t  gas ever reached these 
pr imary  seals.  There was aluminum ox ida t i on  found between t h e  pr imary and 
secondary seals  on both e x i t  cone j o i n t s .  
dropped s l i g h t l y ,  break ing the  Teflon' t i p  o f f  t h e  guide p i n s  and smashing 
the  guide p i n  ends. 
e x i t  cone sea l i ng  surface, sc ra tch ing  i t  a t  90 deg (3.375 in.  l ong  by 0.375 
i n .  wide).  

Dur ing disassembly both e x i t  cones 

On t h e  l e f t  motor one guide p i n  s l i d  across t h e  forward 

Vent P o r t  Pluqs 

There was damage t o  seven vent p o r t  p lug  pr imary O-r ings.  Th is  damage 
occurred du r ing  assembly and i s  inherent  i n  the  design. 
packing seals  and would have maintained a seal i f  pressur ized. 
w i t h i n  our  da ta  base from t h e  c e r t i f i c a t i o n  program; i n  f a c t ,  more severe 
damage has been seen i n  t h e  c e r t i f i c a t i o n  motors. The secondary O- r ing  o f  

These O-r ings are 
The damage i s  
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the right nozzle-to-case joint vent port plug was also damaged. 
investigation indicates a discrepant vent porthole. 
under investigation. 

Preliminary 
This problem is still 

SEC 

4.12.4 Nozzle Performance 
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4.12.4.1 Summary. 
completely missing from 1 inear-shaped charge (LSC) and water impact, exposing 
the GCP insulator. The GCP was delaminated from water impact,but showed no 
signs of heat effect. The internal parts of the nozzle also had the 
appearance of previous postflight hardware. 
marks located circumferentially around both of the nozzles. There were a few 
instances of charred CCP popping up and postfire wedgeouts which have been 
observed on previous postfired nozzles. 
observations for the right-hand and left-hand nozzles are depicted in Figures 
4.12-1 and 4.12-2, respectively. 

The CCP on the exit cone was either fractured or 

There were intermittent impact 

A map of postfire quick-look 

4.12.4.2 Left-Hand Nozzle 

Aft Exit Cone 

The STS-26 left-hand aft exit cone showed missing CCP liner 360-deg 
circumferentially. 
postflight observation, and occurs at splashdown. The aft exit cone forward 
end showed no separations within the GCP insulator. 

GCP plies exposed by the missing liner is a typical 

The polysulfide groove fill on the forward end of the aft exit cone 
showed no se'parations. 
radial width showed that the GCP insulator did not pull away from the 
aluminum shell during cooldown. 
aft up to 0.12 inch. 

Postflight measurements of the polysulfide groove 

The polysulfide appeared to shrink axially 

Forward Exit Cone Assembly 

The forward exit cone showed missing CCP liner over the center portion of the 
cone. Liner remained bonded on the forward 11 in. and on the aft 8 in., 
360 deg circumferentially. 
showed no signs of heat effect. The missing CCP liner is a typical 
postflight observation and occurs at splashdown and during detailed operating 

The GCP insulator exposed by the missing liner 
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Aft Exit Cone 
All CCP liner missing 
Exposed GCP insulator showed no signs of heat effect 
GCP insulator delaminated from LSC and splashdown 

Throat Inlet Assembly (Throat Inlet Ring and Throat Ring) 
Intermittent impact marks located circumferentially (throat ring) 
Smooth erosion 
Forward 1.5 in. of throat ring showed popped-up, charred CCP material intermittently 

Postburn wedgeout on forward -0.5 in. of throat inlet ring 
around the circumference 

(355 to 5, 28 to 40, 95 to 105 deg) 

Nosellnlet Assembly (503, 504 Rings and Nose Cap) 
Smooth erosion; slag deposits observed on nose cap wedgeout 
503 ring raised above nose cap -0.08 In. from 155 to 165 deg 
Intermittent impact marks located circumferentially 
Popped-up, charred CCP material and wedgeouts on aft 2 to 3 In. of nose cap 

Radial depth = 0.5 in. at cowl interface 

Typical erratic erosion on cowl; Intermittent wash areas between ventholes around 

Venthoies plugged 
Wedgeout on aft -3.5 in. from 120 to 137 deg with Mmax radial depth = 0.6 In.; 

Intermittently around the circumference 

Cowl Ring 

the circumference 

slag exposed on plies 

Outer Boot Ring 
Smooth erosion 
Intermittent popped-up, charred CCP material around Circumference on forward 1.8 in. 
No missing material on forward 1.8 In. 
Wash areas on forward 1.5 In. of OBR; wash areas extended from cowl to 

OBR - 0.15 In. deep radially 

Fixed Housing Assembly 
Smooth erosion 
No bondline separations (aft end) 

Throat Inlet 

Forward Exit Cone 

A01 9908a 

SEC 

Figure 4.12-1. Map of Nozzle Erosion for Right-Hand Motor 
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Aft Exit Cone 
All CCP liner missing 
Exposed GCP insulator showed no signs of heat effect 
GCP insulator delaminated from LSC and splashdown 

VOL 

Throat Inlet Assembly (Throat Inlet Ring and Throat Ring) 
Intermittent impact marks located circumferentially 
Smooth erosion 
Typical dimpled erosion on aft 6 in. of throat ring 
Forward 1.5 in. of throat ring showed popped-up, charred CCP material at 345 deg 

-5.0 in. circumferentially, 285 deg -5.0 in. circumferentially, 210 deg -2.0 In. 
circumferentially, 70 deg -2.0 in. clrcumferentially, and 10 deg -2.0 in. 
circumf erentially 

SEC 

Forward Exit Cone Assembly 
Exposed GCP insulator showed no signs of heat effect 
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Noselinlet Assembly (503, 504 Rings and Nose Cap) 
Smooth erosion 
Popped-up, charred CCP material on aft 2 to 3 in. at 137, 280, 310, and 332 deg 
Aft 2 to 3 in. showed wedgeouts from 14 to 26, 40 to 93, 110 to 122, 156 to 172, 

Radial depth = 0.5 in. at cowl interface 

8 

and 248 to 265 deg 

Cowl Ring 
Typical erratic erosion on cowl: appeared to erode 0.15 In. 
Ventholes plugged: no wedgeouts 

Outer Boot Ring 
Smooth erosion: no wedgeouts 

Fixed Housing Assembly 
Smooth erosion 
Forward 2 in. showed intermittent wedgeouts of 0.5-in. maximum radial depth 
No bondline separations (aft end) 

Forwerd h i t  Cone 

A0 1 W O g a  

Figure 4.12-2. Map of Nozzle Erosion for Left-Hand Motor 
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procedures (DOP) i n s e r t i o n .  
dimpled eros ion  p a t t e r n  t h a t  has occurred on a l l  f l i g h t  and s t a t i c  t e s t  
forward e x i t  cones. 
0.15 inch.  

The a f t  8 in.  o f  t he  l i n e r  showed the  t y p i c a l  

The maximum r a d i a l  depth o f  t h e  dimpled eros ion  was 
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The a f t  end o f  t h e  forward e x i t  cone showed separat ions between t h e  
EA946 adhesive and the  s tee l  housing from 30 t o  60 deg and from 124 t o  
148 deg. 
were no separat ions wi th in  the  GCP i n s u l a t o r  o r  a t  t h e  GCP/CCP i n t e r f a c e .  
The a f t  f l ange  was scratched a t  t he  90-deg l o c a t i o n  by a gu ide p i n  du r ing  a f t  
e x i t  cone demate. 
3.5 i n .  l ong  c i r c u m f e r e n t i a l l y ,  and 0.375-in. wide r a d i a l l y .  

The maximum r a d i a l  w id th  o f  the  separat ions was 0.025 inch. There 

The scra tch  was approximately 0.002-in. deep a x i a l l y ,  

Throat Assembly 

Eros ion o f  t he  t h r o a t  and t h r o a t  i n l e t  r i n g s  was smooth and uni form, w i t h  no 
wedgeouts observed. 
forward 1.5 i n .  o f  t he  t h r o a t  r i n g  a t  10, 70, 210, 285, and 345 deg. Sharp 
edges i n d i c a t e  t h a t  the  popped-up ma te r ia l  occurred a f t e r  motor operat ion.  
Typ ica l  dimpled eros ion was observed on t h e  a f t  6 in .  o f  t h e  t h r o a t  r i n g .  
Impact marks were a l so  noted on the  a f t  end i n t e r m i t t e n t l y  and on 0.08 i n .  o f  

t he  t h r o a t  i n l e t  r i n g s .  
nozzles.  

Popped-up, charred CCP ma te r ia l  was observed on the  

This  i s  t y p i c a l  o f  pas t  s t a t i c  t e s t  and f l i g h t  

Impact marks were ev ident  on the  t h r o a t  i n l e t  r i n g  i n t e r m i t t e n t l y  around 
t h e  circumference. 
c i r c u m f e r e n t i a l l y  by 0.5 in. a x i a l l y  by 0.25 in .  r a d i a l l y .  

The l a r g e s t  was loca ted  a t  130 deg and measured 1 i n .  

Forward Nose 1-503) and A f t  I n l e t  (-5041 Rinqs 

The forward nose and a f t  i n l e t  r i n g s  showed smooth eros ion  w i th  no pockets, 
wash areas, o r  wedgeouts. The p l y  angle o f  t h e  -503 r i n g  was checked and 
found t o  be o f  t he  RSRM design. 
-503 and -504 r i n g s  was 0.15 inch. 
-503 r i n g  and the  nose cap was 0.05 inch. 
t y p i c a l  o f  pas t  s t a t i c  t e s t  and f l i g h t  nozzles.  
motor opera t ion  were observed on both r i n g s  i n t e r m i t t e n t l y  around the  
circumference. These marks most l i k e l y  r e s u l t e d  from the  loose a f t  and 
forward e x i t  cone CCP ma te r ia l  a t  splashdown. 

The f low sur face bond l ine  gap between the  
The f l o w  sur face bondl ine gap between the  

Impact marks occu r r i ng  a f t e r  
These p o s t f i r e d  measurements are 
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The nose cap showed smooth eros ion w i t h  no pockets o r  major washes observed. 
The nose cap a f t  2 t o  3 i n .  showed popped-up, charred CCP m a t e r i a l  a t  137, 
280, 310, and 332 deg. Sharp edges i n d i c a t e  t h a t  t h i s  occurred a f t e r  motor 
operat ion.  Typica l  postburn wedgeouts on t h e  a f t  2 t o  3 i n .  were noted from 
14 t o  26, 40 t o  93, 110 t o  122, 156 t o  172, and 248 t o  265 deg. The maximum 
r a d i a l  depth was 0.5 i n .  a t  t h e  cowl i n t e r f a c e .  
on t h e  forward end o f  t h e  nose cap. 

No wedgeouts were observed 

Cowl Rinq 

Typ ica l  e r r a t i c  eros ion was observed i n t e r m i t t e n t l y  around t h e  cowl 
circumference. 
g r e a t e r  than on t h e  a f t  p o r t i o n  o f  t h e  r i n g .  
r e s u l t  o f  t h e  low p l y  angle o f  t h e  cowl r i n g  and has been observed on t h e  
m a j o r i t y  o f  f l i g h t  and s t a t i c  t e s t  nozzles. There were no wedgeouts observed 
on t h e  cowl r i n g .  A l l  cowl ventholes appeared plugged w i t h  s l a g  on t h e  OD o f  
t h e  r i n g .  

The forward p o r t i o n  o f  t h e  r i n g  eroded a maximum o f  0.15 i n .  
Th is  e r r a t i c  e ros ion  i s  a 

Outer Boot Rinq 

The o u t e r  boot r i n g  (OBR) showed smooth eros ion w i t h  no pockets, major 
washes, o r  wedgeouts. 
observed 360 deg c i r c u m f e r e n t i a l l y .  Charred CCP m a t e r i a l  on t h e  a f t  t i p  
f r a c t u r e d  and popped up over a m a j o r i t y  o f  t h e  circumference. A l a r g e  impact 
mark was located on t he  a f t  end o f  t h e  OBR a t  190 deg, and measured 6 i n .  
c i r c u m f e r e n t i a l l y .  Sharp edges on t h e  surfaces i n d i c a t e d  t h a t  t h i s  occurred 
a f t e r  motor operat ion.  Th is  may have been due t o  t h e  loose CCP m a t e r i a l  i n  

t h e  motor a f t e r  splashdown. 
and cowl r i n g  was 0.18 in . ,  which i s  t y p i c a l  o f  past  s t a t i c  t e s t  and f l i g h t  
nozzles. 

Delaminations i n  t h e  charred CCP o f  t h e  a f t  t i p  were 

The f l o w  sur face bondl ine gap between t h e  OBR 

F ixed Housinq Assembly 

The f i x e d  housing i n s u l a t i o n  eros ion was smooth and uni form. 
wedgeouts o f  charred CCP mater ia l  were observed on t h e  forward 2 i n .  

Postburn 
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intermittently around the circumference. The maximum radial depth was 0.5 
inch. There were no bondline separations observed on the aft end, and the 
GCP was not heat affected. 

Aft Exit Cone Field Joint Observations 

The backfilled room temperature vulcanization (RTV) extended below the joint 
char line 360 deg circumferentially except at the 266.2-deg location. RTV 
completely filled the radial ID portion of the joint except at 236.2, 266.2, 
292.8, and 296.6 deg where unfilled void areas were located. The backfill 
also reached the high pressure side of the primary 
O-ring from 38 to 185 and 314.4 to 356.2 deg. 

One blowpath 0.10-in. wide circumferentially was observed at the 
266.2-deg unfilled void area. 
no signs of blowby, erosion, or heat effect. 

The primary O-ring saw pressure, but showed 

Examination of the joint showed a black residue and white corrosion 
appearing between the primary and secondary O-rings, and outboard o f  the 
secondary O-ring intermittently around the circumference. 
was heaviest from 131 to 270 to 0 deg. 
0 to 90 to 131 deg. 
for laboratory analysis. 
beginning stage of the white corrosion. 

The black residue 

Samples have been taken 
The white corrosion was heaviest from 

There was no pitting observed. 
It i s  believed that the black residue is the 

4.12.4.3 Riqht-Hand Nozzle 

A f t  E x i t  Cone 

The STS-26 right-hand aft exit cone showed missing CCP liner 360 deg 
circumferentially. 
heat effect. 
occurs at splashdown. There were no separations observed within the GCP 
insulator on the forward end of the aft exit cone. 

GCP plies exposed by the missing liner showed no signs o f  
The missing CCP liner is a typical postflight observation and 

The polysulfide groove fill on the forward end of the aft exit cone 
showed one separation between the polysulfide and the GCP insulator. 
separation was located at 211 deg and measured 0.02 in. wide radially, 
0.04 in. deep axially, and 1.3 in, long circumferentially. The polysulfide 

The 
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also appeared to shrink axially up to 0.10 inch. 
the polysulfide groove radial width showed that the GCP insulator did not 
pull away from the aluminum shell during cooldown. 

Postflight measurements of 
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Forward Exit Cone 

The forward exit cone showed missing CCP liner over the center portion of the 
cone. 
circumferentially. The GCP insulator exposed by the missing liner showed no 
signs of heat effect. The missing CCP liner is a typical postflight 
observation and occurs at splashdown and during DOP insertion. The aft 9 in. 
of the liner showed the typical dimpled erosion pattern that has occurred on 

all flight and static test forward exit cones. 
the dimpled erosion was 0.15 inch. 

Liner remained on the forward 11 in. and on the aft 9 in. at 360 deg 

The maximum radial depth of 

The forward exit cone aft end showed no separations at the bondline or 
CCP/GCP interface, or within the GCP insulator. 
forward exit cone housing aft flange was "dinged" by a guide pin during aft 
exit cone demate. The ding was approximately 0.02 in. deep at the 97.5-deg 
hol e 1 ocat i on. 

One through hole on the 

Throat Assembl v 

The throat and throat inlet rings eroded smoothly with no pockets or major 
washes observed. The throat inlet ring forward end showed postburn wedgeouts 
of charred CCP material from 28 to 40, 95 to 105 and 355 to 0 to 5 deg. The 
maximum axial width o f  the wedgeouts was 0.75 in. at the 28- to 40-deg 

ave been 
gap 
of past 

location. 
observed on previous postflight nozzles. The flow surface bond1 ine 
between the throat and throat inlet ring was 0.10 in. and is typica 
static test and flight nozzles. 

Postburn wedgeouts o f  the throat inlet ring forward end 

Impact marks resulting from DOP insertion were observed on the throat 
ring intermittently around the circpmference. 
1.5 in. also showed popped-up, charred CCP material intermittently around the 
circumference. 
motor operation. 

The throat ring forward 

Sharp edges indicate the popped-up material occurred after 
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Forward Nose (-503) and Aft Inlet (-504) Rinqs 

The forward nose and aft inlet rings showed smooth erosion with no pockets or 
major washes observed. The ply angle of the -503 ring was found to be of the 
RSRM design. 
was 0.18 inch. The flow surface bondline gap between the -503 ring and nose 
cap was 0.05 inch. 
test and flight nozzles. The -503 ring showed popped-up CCP material at the 
nose cap interface from 155 to 165 deg. The popped up material was 0.08 in. 
wide axially and occurred after motor operation. 
after motor operation were observed on both rings intermittently around the 
circumference. 

The flow surface bondline gap between the -503 and -504 rings 

These postfire measurements are typical of past static 

Impact marks occurring 

The marks most likely resulted from the loose aft and forward 

SEC 

exit cone CCP mater 

Nose Cap 

The nose cap showed 
The aft 2.0 to 3.5 
the circumference. 
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a1 at splashdown. 

smooth erosion with no pockets or major washes observed. 
n. of the nose cap showed wedgeouts intermittently around 
The wedgeout location from 5 to 20 deg showed slag 

covering exposed CCP material. 
occurrence time of this wedgeout. 
flight and static test nozzles are commonly observed. 

Sectioning is required to determine the 
Postburn wedgeouts on the aft end of 

Cowl Ring 

The cowl ring showed erratic erosion intermittently around the part 
circumference. 
of 0.15 in. greater than the aft portion o f  the ring. 
is a result of the low ply angle of the cowl ring and has been observed on 
the majority o f  flight and static test nozzles. One wedgeout was observed on 
the aft 3.5 in. of the cowl ring from 120 to 137 deg. 
depth of the wedgeout was 0.6 in. at the OBR interface. 
exposed CCP material at the wedgeout location. 
determine the occurrence time of this wedgeout. 

The forward portion of the ring appeared to erode a maximum 
This erratic erosion 

The maximum radial 
Slag coated the 

Sectioning is required to 

Outer Boot Ring 

The OBR showed smooth erosion with no pockets or major washes observed. 
Minor wash areas extended from the cowl to the forward 1.5 in. of the OBR 
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from 120 to 130, 130 to 140, and 150 to 158 deg. Th 

SEC 

Exam 
appearing 
second a ry 
corros i on 
observed. 
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maximum r di 1 depth f 
the wash areas was 0.2 inch. 
of flight and static test nozzles. 
observed on the forward 1.8 in. of the OBR intermittently around the 
circumference. 
after motor operation. Delaminations in the charred CCP of the aft tip were 
observed 360 deg circumferentially. 
fractured and popped up over a majority of the circumference. 
ventholes appeared plugged with slag on the OD of the ring. 
bondline gap between the OBR and cowl ring was 0.20 in. and is typical of 
past static test and flight nozzles. 

Fixed Housinq Assemblv 

The fixed housing insulation showed smooth erosion with no pockets or major 
washing observed. 
the fixed housing insulation from 30 to 65, 135 to 145, and 165 to 180 deg. 
The wedgeouts were a maximum of 0.5 in. deep radially. 

Aft Exit Cone Field Joint Observations 

The backfilled RTV extended below the joint char line 360 deg circum- 
ferentially. 
at 103 deg where an unfilled void area approximately 1.0 in. wide 
circumferentially was located. The backfill also extended to the high- 
pressure side of the primary O-ring from 0 to 81, 82 to 101, 103 to 123, 154 
to 178, 182 to 237, 243 to 251, 258 to 265, and 268 to 360 deg. 

These wash areas have occurred on the majority 
Popped-up, charred CCP material was also 

The popped-up materi a1 is a common observation and occurs 

Charred CCP material on the aft tip 
All cowl 

The flow surface 

Postburn wedgeouts were observed on the forward 2.0 in. o f  

RTV completely filled the radial ID portion of the joint except 

There were no blowpaths observed in the joint and the primary O-ring saw 
no pressure. 

nation of the joint showed a black residue and white corrosion 
between the primary and secondary O-rings, and outboard of the 
O-ring intermittently around the circumference. 
was heaviest from 112.6 tp 143.2 deg. 

The white 
There was no pitting 

Samples have been taken for laboratory analysis. 
that the black residue is the beginning stage of the white corrosion. 

It is believed 

REVISION - 

89435-2.83 



MORTON THIOKOL. INC 
I 
I 
I 
I 

Space Operations 

Char was observed on the RTV i n  the a x i a l  por t ion  o f  the  j o i n t  a t  
237 deg. 
I t  i s  bel ieved t h a t  the char penetrated the j o i n t  a t  splashdown. 

The RTV was not eroded o r  heat a f fec ted  a t  the  charred l o c a t i o n .  

SEC 
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